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In developing countries, energy poverty remains a challenge, impacting on the environment, health, 
security and well-being of an estimated 3 billion people. Fuel wood remains an important but 
environmentally problematic fuel in this context. The urban poor are known to make use not only of 
harvested but also of waste timber. Prior studies in Cape Town indicated substantial uses of fuel 
wood by informal communities for thermal requirements, such as cooking and heating by both 
households and informal and formal caterers. Waste wood may be recovered from disposal systems 
or landfill sites, or sold on second hand markets, forming an interface to the informal settlement 
wood market. 
Much of the timber used in construction or agricultural activities in South Africa is treated with wood 
preservatives, with chromated copper arsenate (CCA) being the most widely used chemical. This 
informed the central research question addressed in this dissertation, viz. whether such CCA-treated 
wood is used in informal economic activities, in particular street catering. Of particular concern was 
that when CCA-treated wood is burned, chemicals, mainly arsenic, might be released into the 
environment in the form of particulate matter (PM). Arsenic is a known carcinogen and the targets 
organs are lungs, bladder and liver. It can also affect reproductive organs, especially in women. 
This dissertation therefore aims to determine whether, and how, informal urban caterers and their 
clients are exposed to toxicity risks arising from Chromium, Copper and Arsenic in their fuel-wood. 
The investigation is structured around the following objectives: 
i. Determine that CCA containing wood is used, 
ii. Determine how much Chromium, Copper, and Arsenic it contains, 
iii. Determine the concentration of the metals in the smoke produced. 
A total of six places from both urban and peri-urban areas in and around Cape Town were studied, 
including Nyanga, langa and Khayelitsha as typical urban cases, and Kayamandi (Stellenbosch), 
Zwelethemba (Worcester) and Mbekweni (Paarl) as representing peri-urban settings. Sampling was 
done in three different sampling campaigns. 116 wood samples and 18 smoke samples were 
analysed for copper, chromium and arsenic content. Wood samples were reduced to sawdust and 
then digested by microwave using nitric acid (55 %). The digests were analysed by ICP/AES. 
The randomly conducted first sampling campaign in Nyanga and Khayelitsha identified no cases of 
CCA-treated wood amongst 86 analysed samples, with the indicative concentrations of 11.8 ± 11.6, 











The mean Cr, Cu and As levels in eight samples identified as treated amongst twelve that were 
purposefully taken for their appearance from peri-urban areas collected in second sampling 
campaign were 1946 ± 2123, 849 ± 592 and 1427 ± 1167 mg/kg of Cr, Cu and As, respectively. During 
the third sampling campaign, eight samples were also positively identified to have the mean Cr, Cu 
and As levels at 2035 ± 917,871 ± 344 and 1645 ± 710 mg/kg, respectively, and were found in both 
urban and peri-urban fu.el wood stock piles. 
The average of the PM10 concentrations determined in smoke samples close to street caterers 
working with open fires was 1685 ~m3. The lowest concentration was found around the Nyanga 
taxi rank at a distance of ±l00 m from caterers, at 33 ~m3, while the highest concentration was 
8139 ~m3 for a l-hour sample representing occupational exposure close to wood burning fires. 
Arsenic was detected in 15 smoke samples with the lowest concentration being 0.1 and the highest 
11.8 ~m3 of arsenic. The average ofthe arsenic positive samples was 1.3 IJ8Im3 of arsenic. 
Under controlled conditions, it was noted that the concentration of arsenic volatillsed from typical 
CCA-treated wood ranged between 19 and 52 ~m3. 
The smoke samples results from this investigation revealed that levels of arsenic from 0.1 to 11.8 
~m3 exceed normal background levels, which have been reported to be 0.02-4 ng/m3 in rural and 
up to 30 ng/m3 in urban air (WHO, 2000). Those smoke samples results also showed that high 
arsenic levels were found near fires in which CCA- treated wood were found. 
The dissertation concludes that CCA-treated wood is being used in informal catering activities both 
in Cape Town townships and in peri-urban areas of the Winelands district. In city townships, the 
occurrence of such timber appears to be rare (estimated to be of the order of 0.1-196) and only be 
detectable by a trained eye as it generally is old timber; even so, only 5 out of 14 suspected samples 
tested positive for CCA. In peri-urban areas, CCA-treated timber was more frequently encountered in 
fuel stocks (estimated at 1-9096), and clearly distinguishable by Its colour and young age. 
The following recommendations are made: 
• Further research work in this field should proceed by statistical sampling in order to 
determine more precisely the frequency of occurrence of CCA-treated wood. 
• Further investigation should also emphasise arsenic speciation in the smoke as this 
determines the human toxicity risk to a significant extent. 
• Ash produced by informally operating caterers should also be further studied, and their ash 











• Arsenic-free wood treatment chemicals should be promoted. 
• The South African wood preservation industry should consider new ways of interpreting 
product stewardship, to address this thus far unknown end-of-life utilisation of their 
product. 
• The government should consider regulating separate collection of CCA-contalning waste 
wood. 
• The government should also educate citizens about the dangers of wood burning especially 
for post-use waste wood. 
• Government and industry should encourage consumers of fuel wood to stop buying CCA-
treated wood. In particular, caterers in the informal economy should not use CCA-treated 
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Solid waste management is one of the biggest challenges for the many cities of developing countries, 
having a direct impact on quality of life and the natural environment. Many cities of the developing 
countries do not have effective solid waste management systems in place, particularly in their 
poorest areas, their informal settlements, which are marginalised and underserviced. As solid waste 
can pose a significant threat to the ecological, health, social and economic integrity of an urban 
community, effective solid waste management holds great potential for promoting a cleaner living 
environment and local community development for the people. 
Rapid urbanization and inadequate capability to cope with the housing needs of people In urban 
areas, have contributed to the fast development of informal settlements in the world. 
The definition of informal settlements is context-specific, but the definition suggested by the UN 
Habitat Programme is probably the most applicable. 
Informal settlements are defined as: 
i) Residential areas where a group of housing units has been constructed on land to which 
the occupants have no legal claim, or which they occupy illegally; 
ii) Unplanned settlements and areas where housing is not in compliance with current 
planning and building regulations (unauthorized housing). 
In the Western Cape Metropolitan, the informal settlements represent approximately 42% of the 
total housing backlog (Goven, 2007). Cape Town alone has a large number of informal settlements 
which are located at the periphery of the inner city, "We also have a housing waiting list of about 
460,000 and 222 informal settlements around the city (150,000 shacks compared with 28,000 in 
1994), and a growing crime rate," Cape Town Mayor - Helen Zille. April 10 2008 
There is nodal overpopulation in informal settlements, comparing to that in formal housings areas. 
For example, approximately 2 million people live in informal settlements and slums in Nairobi. These 
people account for over half the capital's population, yet are crammed into only five per cent of the 
city's residential area and just 1 per cent of all land in the city. This high population density has 











in the UN Millennium Development Goals to be met by 2015. Air pollution is another major concern. 
Cooking and heating facilities are inadequate in informal settlements; the majority uses cheap or 
free fuels such as wood, charcoal or grass, with the consequence that there are high levels of 
exposure to both indoor and outdoor pollution. This, in turn, is associated with a number of serious 
respiratory, cardio-vascular and skin lesions diseases. When the burden of disease is already high, 
particularly with respect to HIV/ Aids, tuberculosis and malaria, air pollution becomes an additional 
contributor to morbidity and mortality (Zar, 2010). This problem has influenced generations of 
research and development focused on "appropriate technology", particularly for household energy 
uses (Muchiri and Sengendo, 1999). It has arguably been too inward-focused and charitable, ignoring 
the possibility of rising out of poverty through economic participation. 
The informal economy is a major contributor to production, consumption, employment and earnings 
generation in the developing world. It is a source of livelihood for a majority of people who do not 
have proper social safety-nets and unemployment insurance such as poor, unskilled, and socially 
marginalised as well as the female population (Yadav, 2009; Hiralal, 2010). 
Catering, which requires fuels for food and drink preparation, is a common informal business in both 
informal and formal settlements. The lack of access to modern fuel sources is one of the causes of 
slow business growth, negative health impacts and pollution (Rasmussen et al., 2007). Inefficient use 
of available energy sources may be another contributor to these problems. 
In developing countries, energy poverty remains a challenge, impacting on the environment, health, 
security and well-being of an estimated 3 billion people. Around 2.64 billion people, or 40% of the 
world's population, lack adequate fuels for cooking and heating, while 1.6 billion have no access to 
electricity, three-quarters of them living in rural areas (Balmer & Hancock, 2009). To raise the profile 
of these challenges, the United Nations General Assembly has declared 2012 as the International 
Year of Cooperatives, highlighting the contribution of cooperatives to socio-economic development. 
The Assembly noted that cooperatives have a positive impact on poverty reduction, employment 
generation and social integration, (Llamas, 2009). 
As discussed above, these challenges affect not only people in rural areas but also people who live in 
poor urban areas. 
When there is simultaneously a scarcity of fuels and a lack of effective waste management, under 
informal living and production conditions as sketched out above, it is likely that combustible wastes 











This argument is supported by estimates for wood waste management in Cape Town, which 
reported that 142 000 tonnes per annum of waste wood is used by informal communities for 
thermal requirements, such as cooking and heating by both households and informal and formal 
caterers (Nissing & Von Blottnitz, 2007). 
In Cape Town, where households even in informal settlements have reasonable access to other 
energy sources such as paraffin, gas and electricity, the primary consumption of such wood for fuel 
happens at commercial meat grilling places in informal settlements. This fuel consists of both 
harvested wood and waste wood. The latter is often treated with chemicals and disposed of into 
Municipal Solid Waste (MSW), although illegal dumping, particularly of builders rubble, around the 
informal settlements remains of concern (Goven, 2007; Nlssing and Von Blottnitz, 2007). 
The City of Cape Town has an active air quality management plan and system, which recognizes that 
the major source of air pollutants include vehicle emissions and fugitive dust from roads, industry, 
agriculture, construction and demolition, and fly ash from fossil fuel combustion (City of Cape Town, 
2007; Fierro, 2000; Nissing and Von Blottnitz, 2007). Tellingly, however, wood fires (along with wind-
blown dust) are the major contributors to the air pollution in Khayelitsha, (City of Cape Town, 2007). 
This wood burning in Khayelitsha is recognised to be dominated by the food preparation activities of 
caterers. 
In South Africa, significant volumes of wood entering the economy are treated with wood 
preservatives. The South African Wood Preservation Association (SAWPA) produces statistics which 
show that of the total volume of wood used in 2010, treated wood accounted for 850 670 m3• 
Among the treated volume, 523 657 m3 (61.5%) was by chromate copper arsenic (CCA) and 320 277 
m3 (37.6%) by creosote, with the remaining 0.90 % covered by other treatments (Breedt, 2012). 
Amongst the ingredients of CCA, Arsenic is a known cancer-causing element with its target organs 
being lungs, the bladder and the liver. It can also affect reproductive organs, especially in women, 
(Kopaj, 2004; WHO, 2003). Arsenic is a metalloid solid, which sublimates, with a normal boiling point 
of 613 ·C from the periodic table of elements, so is likely to be released with smoke when CCA-
containing wood is burnt as seen by Kakitani et al (2004). SAWPA warns explicitly that the CCA-











1.2 Problem Statement 
Informally operating street caterers work in environments where both waste management and air 
quality management might be poor or absent, and are known to use both harvested and waste 
wood for fuel. Since significant volumes of wood entering the economy are treated, it is not 
unreasonable to suspect that some of their fuel wood may contain the toxic chemicals in CCA. The 
concern is that when CCA-treated wood is burned, chemicals, mainly arsenic, are released into the 
environment in the form offine particulate matter (PM), which may be inhaled, causing ill health. 
This current investigation focuses on the possibility of metal pollution arising from the use of 
Chromated Copper Arsenate (CCA) treated timber by informal economy caterers, in selected urban 
and peri-urban areas of Cape Town. 
1.3 Objectives 
The end of the normal use of CCA-treated wood represents a source of energy and metals, but 
simultaneously poses a disposal threat due to the toxicity of arsenic and chromium. In the present 
study, we want to determine whether, and how, informal urban caterers and their clients are 
exposed to toxicity risks arising from Chromium, Copper and Arsenic in their fuel-wood when they 
burn this. 
To investigate this potential risk in the work environment of informal urban caterers, three specific 
objectives are set: 
i. Determine that CCA-containing wood is used, 
ii. Determine how much Chromium, Copper, and Arsenic it contains, 











1.4 Scope of the study 
As people living in informal settlements in developing countries generally face similar socio-
economic challenges (WHO, 2008), this investigation focuses on some identified Cape Town 
settlements as indicative of other settlements in Africa. With wood treatment regimes primarily 
defined at national level, findings for Cape Town should be readily transferable to other informal 
economy activities across the country. Nyanga, Khayelitsha and langa represent the settlements in 
urban areas, while Kayamandi (Stellenbosch), Worcester and Mbekweni represent the settlements 
in peri-urban areas. These will be introduced in mOr'e detail in Chapter 3. 
Focusing on the Caterers environments, this study investigates the potential exposure of both 
caterers and their clients to Arsenic, Chromium and Copper by studying the frequency of occurrence 
and levels of treatment in fuel wood, and the levels released into the atmosphere when the wood is 
burned. 
1.5 Significance of the study 
This study will help to develop an understanding of the environmental and health hazards arising 
from the use of CCA-treated wood. It will help to develop an understanding of the characteristics of 
pollutants from CCA-treated wood as a fuel, so as to develop an appropriate policy for the CCA-
treated wood disposal and management as a solid waste in South Africa and other countries. This 
will enhance a healthy and clean environment and improve welfare of the community. 
Furthermore, this study could form the baSis for research in other developing countries, as it is a 
common practice for informal caterers to use wood as a fuel source. 
1.6 Overview of the dissertation 
This dissertation begins with a review of the available literature, related to the objectives of this 
investigation, presented in Chapter 2. This provides an overview of CCA wood treatment and its 
purpose, since its first use in 1933 to date. Related literature from other countries is also presented 
for comparative purposes. The chapter also details the environmental and health effects of the CCA 











constituting the CCA treatment. Air pollution from the combustion of CCA treated wood is also 
reviewed, and standards and guidelines to handle and manage CCA treated wood are identified. 
Chapter 3 presents the research motivation and the research questions. The methodology adopted 
to answer the research questions is then developed. Next, the sites selected for sampling are 
identified and described. Finally, the sample collection approach and laboratory methods are 
discussed. 
The results are presented in Chapter 4, first for metal concentrations in collected wood samples, 
then for levels of PM10 and of arsenic in the air. 
Based on the results presented in Chapter 4, Chapter 5 discusses the use of CCA-treated wood in 
urban and peri-urban areas. The air quality over the investigated areas and close to wood burning by 
different caterers is also discussed in Chapter 5. Furthermore, the link between the lack of access to 
improved fuel and the exposure to CCA wood is examined in the same Chapter. 












2 Literature review 
The literature review describes wood preservation in general, and specifically with chromated 
copper arsenate (CCA) in South Africa. It describes the occurrence and toxicity of the investigated 
metals, and airborne particulate matter as one form in which these metals potentially occur in the 
environment when CCA-treated wood is burnt. Finally, it gives an overview of the contribution of the 
investigated metals to air pollution and lung diseases. 
2.1 Wood preservation 
The measures taken to prolong the life of wood fall under the definition: wood preservation. Wood 
preservatives are chemical compounds used universally in the wood industry. No timber is resistant 
to deterioration if not protected, preservative treatment is important for prolonged service life of 
the product and for enduring results in the industry (Hay et al., 2000). 
The history of wood preservation started in the 1830s (Hay et al., 2000). Since then, various 
processes have been introduced or improved. Today, preservation techniques ensure a deep and 
uniform penetration of preservatives. Both pressure processes and non-pressure processes are used. 
The most common application processes today is the impregnation under pressure. Many wood 
types can be efficiently treated, but some species are very resistant. However, the treatment of such 
wood has been successfully achieved by first cutting into the wood to facilitate penetration. This has 
a higher cost and sometimes compromises the quality of the wood (Wolman, 2008). 
2.1.1 Pressure treatment process 
Pressure processes are the most stable methods used today in extending timber life. In a typical 
pressure treatment process, wood is placed in a horizontal cylinder. The cylinder is flooded with the 
chemical followed by a cycle of pressure and vacuum. 
These processes have a number of advantages over the non-pressure methods. In most cases, a 
deeper and more uniform penetration and a higher absorption of preservative is achieved (Wu et aI., 
2004; Solo-Gabrielle et al., 2002; Wolman, 2008). Another advantage is that the treating conditions 
can be controlled so that retention and penetration can be varied. The high initial costs for 











2.1.2 Non-pressure processes 
The non-pressure processes of treating wood vary primarily in their procedure. The most known of 
these treatments involve the application of the preservative by means of brushing or spraying, 
dipping, soaking, steeping or by means of hot and cold bath. There is also a variety of additional 
methods Involving applying preservatives in bored holes, diffuSion processes and drain 
displacement. Those processes were not maintained because of their low diffusion which causes the 
easy washing off of the preservatives (Wolman, 2008). 
2.1.3 Classification of wood preservatives 
There are different classes of wood preservatives, depending on their use and their risks. Quite few 
are briefly described below. 
Acid copper chromate (ACC) 
Wood preservatives containing ACC are only registered for industrial and commercial use. ACC 
treated wood contains hexavalent chromium which is in the highest EPA toxicity category for oral, 
dermal and inhalation toxicity and is also a skin sensitizer. Protective equipment is usually required 
when producing or handling ACC treated wood (NPIC, 2011). 
Alkaline copper quaternary (ACQ) 
ACQ wood preservatives (type A, B, C and D) are composed of copper oxide and quaternary 
ammonia compound. The absence of chemicals like arsenic or chromium has made ACQ one of the 
most widely used residential wood preservatives (NPIC, 2011). 
Borates 
Borate wood preservatives are composed of naturally occurring minerals that protect wood from 
fungus, termites, and other wood-decomposing organisms. Borate wood preservatives are 
comprised of disodium octoborate tetra hydrate. Borate wood preservatives are low-toxicity 
treatments used primarily on Indoor wood that is protected from weather (NPIC, 2011). 
Chromated Copper Arsenate (CeA) 
Chromated copper arsenate (CCA) wood preservatives contain chromium, copper and arsenic. 











in CCA-treated wood. have been shown to leach into the surrounding environment and can transfer 
to the skin when people touch the wood (NPIC, 2011). 
Copper Azole (CA) 
Copper azole-treated wood is greenish-brown and has little to no odor. Type A (also known as CBA-
A) contains copper, boric acid, and tebuconazole. Type B (also known as CA-B) contains higher 
concentrations of copper and tebuconazole but no boric acid. Copper azole is registered for a variety 
uses above and below ground, as well as in freshwater and marine decking applications (NPIC, 2011). 
Creosotes 
Creosote-treated wood has either a thick black mixture of coal tar chemicals on the wood or the 
clear to yellowish greasy resin of the creosote bush. Many railroad ties are treated with creosote or 
pentachlorophenol. Creosote-treated wood can leach chemicals that may dissolve In water, move 
through soil and contaminate groundwater. Creosote can also be taken up by plants and animals and 
is considered a probable human carcinogen. Creosote-treated wood may only be used in commercial 
applications; there are no residential uses for creosote-treated wood (NPIC, 2011). 
Ught Organic solvent preservatives (LOSPs) 
LOSPs are specialised treatments, generally for higher cost commodities like joinery. They may 
contain fungicides, insecticides and water repellent chemicals (not necessarily all at once). They are 
applied in sophisticated treatment plants and usually provide a protective envelope of treatment 
around the fabricated product. They are not intended for use where the treated commodity comes 
into contact with the soil (Greaves et aI., 2005) 
This study investigates only the chromated copper arsenate. 
2.2 Chromated copper arsenate preservative 
Chromated copper arsenate (CCA) is an inorganic waterborne additive commonly used in the wood 
preservation Industry to prevent environmental degradation and to prolong the service life of wood 
as a building material (Khan et 01., 2004). CCA has been used to pressure-treat wood intended for 
outdoor uses, including decks, picnic tables, playground equipment, telephone poles and docks. CCA 
has been preferred for timber treatment because It is economical, leaves a dry palntable surface and 











CCA was invented in 1933 by Kamesan in India as a wood preservative, is internationally established 
and has been used extensively worldwide since 1977, and in certain countries even earlier (Hay et 
al., 2000; Breedt, 2010). Since its invention, many types of CCAs have been introduced, and 
nowadays the most used formulation contains a mixture of arsenic pentoxide (AszOs), chromium 
trioxide (cr03), and cupric oxide (CuO). There are three general types of CCA, which differ in the 
content of each component, as shown in Table 2-1, (Khan et 01., 2004; Hay et aL, 2000). 
Table 2-1: Types of Chromated Copper Arsenate (eCA) Wood Preservatives 
(Source: SolO-Gabrielle & Townsend, 1998; Hay et al., 2000; Khan et al., 2004; Wu et al., 2004; Wu 
et aL, 2006) 
TYPE crOJ ,%) CuO ,%) AszOs ,%) 
CCA-A 65 18 17 
CCA-B 35 20 45 
CCA-C 47.5 18.5 34 
CCA-Type C is the most common type used in the USA and many other countries (Solo-Gabrielle & 
Townsend, 1998; Khan et al., 2004; Mayes, 2008). Breedt (2010) reported that CCA treated wood 
has been used in South Africa and New Zealand for more than 30 years, Australia 50 years and 
almost 70 years in the USA. In South Africa, New Zealand and Australia, it is designated for use in 
hazard classes H1 to H6, while in the USA and many other countries, it is used as CCA type C (Read, 
2003). 
The copper in the wood serves as the fungicide, while the arsenic protects the wood against insects 
and the chromium fixes the copper and arsenic to the wood. 
Freshly CCA-treated wood shows a dark green colour which over time changes to grey with 
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2.2.1.1 ClassesofCCA treated wood types used in SA 
The South African Bureau of Standards (SABS) has set South African National Standards (SANS) for 
different categories of wood to ensure it remains protected against parasites and thus suitable for 
intended applications over long periods of time. The minimum CCA levels required to preserve 
timber for 20 years are shown in Table 2-2. 
Table 2-2: Hazard class, CCA dosage and Application 
(SANS l000S/SABS OS). 
Wood category DoseofCCA Application 
Hoi None (Only insecticide) Insecticide protection for specific purpose 
internal joinery (Moulings, Ceilings, Flooring) 
H2 6 kg/m3 Internal use (Frames, Roof Trusses and 
Ceilings) 
H3 8 kg/m3 Exterior above ground- moderate Hazard 
(Garden furniture, balustrades, Gates and 
Weather Boards) 
H4 12 kg/m3 Ground contact - High Hazard (fencing, 
pergolas, carports, bridges and flower boxes) 
HS 16 kg/m3 Fresh Water contact - High Hazard (Piling, 
Jetties, Retaining walls and walkways) 
H6 24 kg/m3 Sea water contact- High Hazard (Piling, Jetties, 
Slipways, Retaining Walls) 
2.2.1.2 CCA treated wood volumes produced in SA 
Breedt (2010) reported that the volume of all treated timber produced during 2008 in South Africa 
came to an estimated total of 1 032 000 m3 of which 439 000 m3 was treated sawn softwood timber 











Of these volumes, eCA-lre.ted softwood timoor ~nd eCA-treated pole product, contributed ta 425 
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2.2.2 Exposure to CCA 
With CCA-treated wood. people can be eXjXlsed to h"rmful chemica ls in different ways, as shown in 
Figure )-3. Pre,ervaHve treated waad contains component' that may be toxic to oon-target 











In a report done by Breedt (2010) from SAWPA, it is stated that it is safe to have contact with CCA-
treated wood and that exposure to Arsenic is normal, as people are exposed to it in normal life as 
from food (fish) and drinking water. However, many other researchers reported the dangers of CCA-
treated wood when people have contact with it. For example, children playing in jungle gyms made 
of treated wood are exposed to at least a dose of 71.lB1day (Martin, 1998). The acute lethal dose of 
inorganic arsenic to humans has been estimated to be about 0.6 mg/kg/day, (Martin, 1998). 
A lethal dose of Arsenic can also be achieved by a cumulative process over two months. Multiple 
sub-lethal doses received over a period of several weeks can accumulate in the body to achieve a 
lethal dose. Sufficient research has not been done yet on the dangers of long-term exposure of low 
dose exposure (Martin, 1998). The WHO (2000) states that there is no safe concentration of arsenic 
to get exposed to. 
It is also clear from many research studies that people may be exposed to the sawdust, or the smoke 
when burning CCA treated wood (Figure 2-3), unless special guidelines are considered. 
CUtliIlL drill/IlL Wood. clIst, DlR!Ct contICt InhIIItIon, 
bumllII slllOlle 1,.estIoI\ delma' 
Surface OJIgmliC DlR!Ct conhct lI1IestiOll 
resldues reslcb!s delmal 
lftchII1I Direct cOlbct lI1Iestlon, delmll, 
inhlllltlon 
Pllnt uptIR l'I1IestiOll 
Rgure 2-3: Possible routes of exposure to eCA 
(Read,2003) 
2.2.3 CCA leaching from treated wood 
Most leaching studies on CCA-C treated wood have shown that arsenic and copper leach to a greater 
extent than chromium when exposed to fresh water, (Moghaddam &Mulligan, 2008) and also 
arsenic was detected on the surface of treated products and in the soil below CCA-treated wood 











CCA is the most common wood preservative used in New Zealand and has been widely used since 
the 1950s. 
In New Zealand, wood is also treated to hazard classes (H1-H6) although H1 and H2 are not 
commonly used (Mayes, 2008). CCA preservatives are approved for use in all hazard classes. The 
timber most commonly used for residential purposes is in classes H3 and H4. Timber for decks and 
garden furniture would typically be H3 with H4 for deck support posts in the ground and timber for 
playground equipment in the ground a mixture of H3, H4 and H5, depending on the local soil 
conditions and the equipment being supported on piles. H3 and H4 treated timber contain 0.11% 
and 0.22% arsenic per oven dry wood weight respectively (Read, 2003). 
Read (2003) reported that from studies done on the leaching of CCA from natural rain events arsenic 
leached more than copper and chromium. Average soil levels from decks were 43 mg/kg for 
chromium, 75 mg/kg for copper and 76 mg/kg for arsenic and the concentrations tended to increase 
with the age of the deck and decreased with the distance from the deck. 
The same trends of leaching were also observed in the USA, where CCA is used as type C (Wu et aI., 
2004). It was also observed that chromium presented the greatest leachable concentrations for the 
wood that contain lower percentage of CCA chemical. 
2.2.4 Waste management of CCA-treated wood 
CCA is internationally registered as a class 1 red label chemical1 and therefore has a restricted end 
use. However, the big volume of the waste wood sometimes mixed with CCA treated wood after its 
normal use, serves as a source of fuel to many poor people living in the peri-urban areas as they lack 
the access to alternative fuel (Goven, 2007). 
There are various categorisations of CCA-treated wood. It is useful when countries use the same 
categorisation because it better allows a comparison on management practices. Australians rank 
number three in the world on the basis of per capita consumption of treated timber, behind New 
Zealand and the USA (Greaves, 2005; Mayes, 2008). When CCA-treated wood is burnt, Arsenic 
volatilises more than other elements and remains in the atmosphere as particulate matter, which is 
dangerous to human health and the environment as well (Solo-Gabrielle et 01., 2004). 
1 Class 1 red label chemical: must be preheated to burn 
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Waste minimization and disposal-end management are the options to minimize the impacts of CCA-
treated wood during disposal. Disposal-end management should focus on improved sorting practices 
at construction and demolition recycling facilities and proper practices for disposing CCA-treated 
wood (Solo-Gabrielle & Townsend, 1998). Researchers reported that when waste wood, especially 
CCA treated wood is burned without specific controlled conditions, the metals enter the atmosphere 
in the form of small particles or particulate matter(PM) which have worse effects on both 
environment and human life (Kakitani et al., 2004) 
For the side of the disposal sector, the efforts to deal with the problems associated with CCA-
treated wood are at two levels: Source Reduction and Efficient management of CCA-treated wood 
waste. 
The management options can broadly be classified as: 
• Recycling; which implies the extraction of CCA metals by chemical, biological and electrodialytic 
methods (Wasson et at, 2005) 
• Treatment and Destruction (Wu et aL, 2006; Helsen et aI., 1998); which implies wood liquefaction 
and thermal destruction. 
The first step for the safe disposal of CCA-treated wood waste by thermal processes is considered to 
be the adoption of optimal thermal technology. 
Amongst the various thermal processes available are incineration, pyrolysis and gasification (Figure 
2-4). Each has an optimal set of operating conditions (temperature, treatment time, fuel/air ratio 












combuslion , -- , , 
~ 100 • e 
o 
I- - , " , --
close coup1ec 
] 75 









I 'J~sihG"lion tJy pyroiy5is I I PVrOr,5is lor '-~I\rw.s pyro:ysis lor clwrco~1 
(H~ls~n arid Van d~n Bu ick, 2005; Wu et al., 20061 
11 Incineration 
Incir>cratjon is often regarded as th~ s impl~st technique for the treatment Df [[A-treat~d wood 
waste 
AdvonlOges 
• Ea,y to r~plic"te arid heoce can I:>c u,ed at industri . 1 "'v~1 with minor retrofittin g of I:>oi le " arid air 
pollution control device,; 
• [an I>e coupled with other ind<Jstria l process~, (such as production of cement. mal or steell 
without the r>ced for separate mmbustion boi "',,; 
• Can I>e coupled to a recycling prDC~SS by usitlll ~"ensive gas cleaning system to control air 
emis,jon , _ For instanc~, th~ arsenic co llected by wet scrubb.>rs can b~ recycled to the CCA solutiDn 
production unil arid the ash mntain ine ars~nic, copper and chromium can b.> !>,oce"ed in a copper 
'm~ltcr or rec:y<l~d through chemical Dr electrochem ical processe, (Kris\ensen, 20021· 
DiS<1dvantag~< 
• EKtensive gas clean ing equ ipment required; 
• Th e a"eni<: trioxide dust col l ect~d in fi lt ~" PO"" problems for worker<, hence from that point of 
view, wet methDds are i>'~f~rr~d; 
• Unlik~ easific. tion and pyrolysis, no s~condary fuels are produced arid the ~ne rgy generated has to 










Hence, incineration can be an option for the disposal of CCA treated wood waste or mixed wood 
waste. 
2) Co-incineration 
This involves simultaneous or sequential combustion of two or more fuels. This technique is very 
popular In some industries, especially in cement kilns, where waste tires are burnt along with coal. 
Advantages 
• It is more economical as co-incineration can also be carried out in huge power plants and not just 
in incinerators; 
• Since CCA wood will be a secondary fuel, its constant supply is not an issue as in the case of 
incineration of CCA wood alone; 
• Mixing of fuels can compensate for the low heating value of CCA wood waste; also, the 
components of the other fuel (municipal waste, coal, etc.) may scavenge the CCA metals; 
• It is easier to comply with concentration-based emission regulation due to the dilution in 
concentration of the CCA metals in the emitted air and in the ash but also consider the total released 
load (Wu et aI., 2006) 
Disadvantages 
• The total emission may still be high, even though the concentration of CCA metals may be lower; 
• Regulations may prohibit mixing of wastes; 
• The lower concentration of arsenic in flue gas may make its removal more challenging; 
According to Helsen and Van den Buick (2005), in spite of these drawbacks, co-incineration seems to 
be the best available short term solution for thermal treatment of wood waste. 
3) Pyrolysis 
Pyrolysis is the chemical decomposition of organic materials by heating in the absence of oxygen and 
any other reagents. Pyrolysis done in the absence of moisture at very low residence times « 2 sec) 
and high heating rates is called flash/fast pyrolysis. Flash pyrolysis can be used for production of 
pyrolysis oil, which can be used as a secondary fuel. Kakitanl et al. (2004) assume that there are two 
types of arsenic release reaction during pyrolysis: 
(a) The first possible pathway is due to the reacted arsenic compound, CrAs04, which appears to be 
released at around 400-500 °C, (eqs 1,2 and 3) 
4CrAs04·6H20~24H20+2Cr03+2As205 ................... " ........................................................ (1) 
2As205~2As203+02 ............................................................................................................... (2) 











(b) The second possible pathway is due to the un reacted arsenic compound, As20 St in CCA-treated 
wood and occurs at much lower temperature, possibly 200·C (eqs 4 and 5) (Kakitani et al., 2004; 
Mayes, 2008). 
2As205~2As203+202"'"'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' ................................... (4) 
2As203~As406 ........................................................................................................................ (5) 
Advantages 
• Arsenic volatilization is lower than in incineration and gasification due to lower temperatures. 
Disadvantages 
• Arsenic volatilization is still non-zero as arsenic is highly volatile even at temperatures below 
200 ·C, (Kakitani et at, 2004; Wu et al., 2004; Wu et at, 2006; Rogers et aL, 2007); 
• Leaching of CCA metals is possible from the residue if it is disposed. 
4) Gasification 
Gasification is a process that converts carbonaceous materials, such as coal, petroleum, petroleum 
coke or biomass, into carbon monoxide and hydrogen. It is a three step process, starting with 
pyrolysis (de-volatilization of the carbonaceous fuels), followed by the combustion of both volatiles 
and of the remaining char to form carbon dioxide and carbon monoxide, which provides heat for the 
subsequent gasification reactions. The first two steps occur very rapidly. In the third step, 
gasification occurs as the char reacts with carbon dioxide and steam to produce the syn gas (H2 + CO, 
diluted with CO2 + H20 + N2) which can be converted more effiCiently to energy than wood. 
However, it is yet to be proven in practical systems or pilot scale studies for waste timber treatment 
(Helsen and Van den Buick, 2005). 
Advantages 
• Syngas can be used as a fuel and has much higher energy efficiency as compared to wood; 
• Since the process uses a limited amount of oxygen, less gas clean up is required as compared to 
incineration; 
• High temperatures may result in the formation of metallic arsenic (potential reduction by CO), 
which is much easier to capture than arsenic trioxide as it has a higher sublimation temperature and 












• Very efficient air pollution control devices are required to capture all of the arsenic released during 
gasificati on; 
• In order to capture arsenic trioxide at such high temperatures, it is required to have all the arsenic 
released in metallic form, which is mostly not possible; 
• The high temperature and fine particle size requirement make it an expensive technique. 
An extensive review of available thermochemical conversion processes for disposal of CCA-treated 
wood waste by Helsen and Van den Bulek (2005) suggests that co-incineration may be the best 
short-term solution for disposal (Wu et aI., 2006). 
It is practically impossible to have no hazardous emissions from the thermal treatment of CCA-
treated wood waste; hence, efforts are made to capture all of the arsenic generated. Various air 
pollution control devices are used by industries to control air emissions. It is important to keep in 
mind that the available pollution control devices in the industry still have to propose a technology 
which can be effectively utilized (Wu et al., 2006). 
2.2.5 Phase down of CCA treated wood In USA 
The American Wood Preservers' Association (AWPA) specified three formulations for CCA. There are 
CCA type A, Band C. The differences of the A, Band C types were in the relative proportions (oxide 
basis) of chromium, copper, and arsenic. CCA-C is the preferred choice for CCA treatment of wood as 
it offers the best combination of performance and leach resistance. The amount of CCA chemical 
added to wood depends upon the intended use of the treated wood product. Wood used for above 
ground applications is treated in the U.S. using a minimum of 4 kg of chemical per cubic meter of 
wood product (kg/m3). Utility poles are treated at 6.4 kg/m 3 and wood used for pilings within marine 
environments is treated at 40 kg/m3• 
CCA was the most common wood treatment preservative utilized in the U.S. during the 1980s, 
1990s, and early 2000's. Due to the predominance of CCA-treated wood until recent times, the 
majority of outdoor wood structures currently in-service in the U.S. are treated with CCA and these 
structures will ultimately require disposal long into the future. Thus, the impacts from CCA-treated 
wood will likely be experienced during in-service use and during disposal for many years to come 











processed through construction and demolition recycling facilities, resulted in a wood waste 
composition containing on average 6% CCA-treated wood (Wu et al., 2004). There was a remarkable 
increase in CCA treated wood volume from 1970 to 1996. In 1970, the total volume of treated wood 
products was 248 million cubic feet of which 39 million cubic feet were treated with CCA. By 1996, 
this figure Increased to 591 million cubic feet for all products and 467 million cubic feet for CCA-
treated products. However, the primary market for wood waste Is energy recovery and, therefore 
the majority of CCA-treated wood waste is burned for energy recovery purposes (Wu et aI., 2004; 
Wu et aI., 2006; Solo-Gabrielle & Townsend, 1998). 
Solo-Gabrielle at al. (2002) reported that when CCA-treated wood represents 5% or more of a 
recycled wood mixture, the ash from its combustion will typically be characterized as a TC (Toxicity 
Characteristic) hazardous waste. The USA and the Canadian wood preservation industries in 
conjunction with the US EPA and the Canadian Pest Management Regulatory Agency (PMRA) agreed 
on a voluntary transition away from CCA-treated wood products for non-industrial usage. This 
transition took effect from January 2004 (Greaves, 2005). 
2.2.6 Ways to minimize CCA treatment 
The minimization of CCA treatment should focus on the use of alternative wood treatment 
preservatives that do not contain arsenic so that after the normal use, the wood can be burnt 
without posing health or environmental risks. Emphasis should be laid on preventing overuse of 
preserved wood and minimization of wood waste during construction (Wu et aI., 2006). Non-
arsenical chemicals include Acid Copper Chromium (ACC), Alkaline (Ammoniacal) Copper Quaternary 
(ACQ), Copper Boron Azole (CBA), Copper citrate (CC), copper diethyldithiocarbamate (CD DC), 
chromated zinc chloride (CZC), copper naphthenate, copper-8-quinolinolate (Cu-8-Q), sodium 
fluoride, and zinc naphthenate, etc. (Solo-Gabrielle et aI., 2004; Read, 2003; Khan et al., 2004). 
Breedt (i010) reported that to date there are only three preservative treatment plants in South 
TM 
Africa that can produce timber treated with Tanalith E ,which Is arsenic free, but do so for export 
purposes only. The alternatives are effective, and somewhat more expensive, but they may be used 
instead of CCA in many applications if the consumer so desires, (Greaves, 2005). Only ACQ and 
Copper Azole are the CCA alternatives used In South Africa. Efforts are also being made to substitute 











2.3 Occurrence and toxicity of the metals under investigation 
The metals considered in this investigation are arsenic, chromium and copper. 
Effects associated with CCA-treated wood exposure may differ from effects caused by exposure to 
each component in isolation (Read, 2003), which are presented In the following sections. 
2.3.1 Arsenic 
2.3.1.1 Occurrence and exposure 
Arsenic is a naturally occurring element. Generally it is found at higher concentrations in 
sedimentary rocks than in other rock types, and it is also commonly associated with sulphide 
deposits In the minerai form Arsenopyrite: FeAsS. Major anthropogenic sources of arsenic in the 
environment include smelting operations and a variety of pesticides used in pressure treating wood 
for construction purposes. When CCA is used as a wood preservative, arsenic has the potential to 
leach out of the wood over time. When such wood waste it is disposed in a landfill, arsenic migrates 
and is leached out possibly (resulting) In groundwater contamination (Khan et al., 2004). 
Arsenic Is released into the air when the wood is burnt (Khan et al., 2004). It should be noted that 
the volatility point of arsenic has been difficult to specify, due to the different states of arsenic and 
to the presence or absence of unreacted compounds. After long-term weathering, CCA-treated 
wood waste may contain only a small amount of unreacted arsenic compound, because the free 
arsenic compounds may have already been washed or leached out of the treated wood (Kakitanl et 
al., 2004). Rogers et al. (2007) reported some arsenic volatilisation at lower combustion 
temperatures. The implication appeared to be that all thermal treatments give rise to some level of 
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trivalent arsenic is about 60 times more toxic than when it is in its oxidized pentavalent state, the 
conversion of which occurs during combustion (Khan et aI., 2004). It is also said that inorganic 
arsenic is more toxic than organic arsenic, as emerging medical studies indicated that inorganic 
arsenic is not only a potent human carcinogen itself, but also that even very small arsenic exposure 
can cause existing tumors to grow more rapidly and aggressively (Maas et aI., 2004). 
1) ACUTE TOXICITY 
The ingestion of arsenic causes generally the acute poisoning which requires immediate medical 
attention. The first manifestation of acute poisoning includes burning and dryness of the mouth and 
throat, dysphasia, abnormal pain, projectile vomiting, profuse diarrhoea, hematuria, muscular 
cramps, facial oedema and cardiac abnormalities, and due to dehydration, shock can' develop quickly 
(Jain & Ali, 2000). Skin and eye contact can cause irritation and burning. Arsine gas (AsH3), formed 
under strongly reducing conditions, is lethal to humans even at low doses between 25 and 50 ppm in 
air (Wu et aI., 2006). 
2) CHRONIC TOXICITY 
While arsenic exposure can occur from food, air and water, all major chronic arsenic poisonings have 
stemmed from water and air, and those are usually the predominant exposure routes. Exposure to 
arsenic leads to an accumulation of arsenic in tissues such as skin, hair and nails, resulting in various 
clinical symptoms such as hyperpigmentation and keratosis (Jain & Ali, 2000; Kapaj et aI., 2006). 
In a study with mice, it was found that chroniC low-level As exposure may affect heme metabolism, 
causing porphyrin changes. These changes may appear in the beginning stages of arsenicosis, before 
the carcinogenesis and can be a clinical indicator to diagnosis (Kapaj et aI., 2006). 
Continued low dose exposure over a long period of time leads to chronic toxicity and symptoms of 
pOisoning start to manifest. The biological systems affected include the respiratory, gastro-intestinal, 
cardio-vascular, nervous and haematopoietic systems. Poisoning causes the loss of appetite, nausea 
and some vomiting, dry throat, shooting pains, diarrhoea, nervous weakness, tingling of the hands 
and feet, jaundice and erythema. There is also an increased risk of skin, internal organ, liver, bladder 











2.3.1.3 Arsenic guidelines in drinking water 
Several countries have tightened arsenic guidelines in drinking water, with Canada decreasing the 
maximum allowable level from 50 to 25 J,lg/L and the U.S. from 50 to 10 J,lg/L. In 2006, Canada tried 
to contemplate a further decrease to 5 J,lg/L. The reason for these regulatory changes was the 
realization that arsenic can still cause deleterious effects at lower concentrations than was 
previously thought (Kapaj et al., 2006). According to WHO and the US EPA, 10 J,lg/L should be the 
permissible concentration of arsenic in drinking water. This is slightly higher than the proposed 
Canadian and Australian concentrations of 5 and 7 J,lg As/L, respectively (Kapaj et aI., 2006). 
2.3.2 Chromium 
2.3.2.1 Occurrence and exposure 
Chromium exists in small quantities throughout the environment. The most Important commercial 
ore is Chromite ore (FeCr204)' Hexavalent chromium compounds are used in the manufacture of 
pigments, metal finishing and chromium plating, stainless steel production, hide tanning, as 
corrosion inhibitors, and wood preservation. Occupational exposure to chromium (VI) generally 
occurs by inhalation and dermal contact. However, when a substance is Inhaled, a small amount is 
inevitably ingested (Clu-in Contaminants, 2010). 
It is not easy to classify release in terms of trivalent or hexavalent chromium. A number of combined 
activities account for a large amount of the chromium in the atmosphere; those activities include 
combustion activities at utilities, fugitive emissions from road dust, and formerly industrial cooling 
towers. In general, most chromium in ground water bodies is found in the +3 valence state. 
However, hexavalent chromium anions will be the predominant form of dissolved chromium. 
Chromium enters the air, water, and soil mostly in the chromium (III) and chromium (VI) forms. In 
air, chromium compounds are present mostly as fine dust particles which eventually settle over land 
and water. 
2.3.2.2 7'oxici~ 
While chromium (III) Is an essential nutrient that helps the body use sugar, protein, and fat, 











levels of chromium (VI) can cause irritahon to the nasal passages resulting in a runny nose, 
nosebleeds, ulcer< and hoi"" 'n the nasal septum. However, there is not much chromium 
volatilization from combustion of [CA-treated tim;"'r, even at high temper.lture, (Figure 2-6), 
although elevated oxygen concentration, do result in higher airl"lfne chromium, pr~sumal>ly 
through an enhanced oxidation m!'<hanism (Rogers ct al., 2007)_ It has b~ ~n rei>Ort ~d that at a 
cancentraticm of 0.003 >'&1m' there would be a on~ -in-t ~n-thou," nd risk of d~veloping can cer du ring 








F;g"" 2_t: Stability ..,d v", ... ';'''ion 01 d"o""",,, ""ri os combu,'i"" 
IRog~ rs ~t 01 .. 2007) 
_ Siabimy in Ash = E~tenl 0/ Vol at,lization 
Ing~'tion ofl",g~ amounts of chromium (VI) may cause stomach ups ~ts, ulcers, colwul'ions, kidney 
and liver damage and ev~n d ~ath. R~ad (2003) rei>Ortl'd that hepatic, gastrointestinal and renal 
~ffects a re \h~ most cammon fol kl wing ingestion and have been reported in individuals who 
ingested between 4-29 mg/kg oflx>dy weight of hexavalent chromium, which resulted in death in all 
"",e,. The estimat~ d lethal dose for children i, 10 mg/kg oflx>dy weight. 
Same p"ople hav~ ~x\r~m~ dermal sensitivity to chromium (VI) or chromium (1111. Th ~ main r~ason 
why [r (VI) is '0 toxic, is that one of th ~ r~ duction products of Cr (VII is Cr (VI_ Allergic reaction" 
cons isting 01 rigorous r~ddishness and inflammation of th ~ skin, have been noted, th ~ r~duction of 










certain chromium (VI) compounds can cause skin ulcers. As Cr (VI) as is a large molecule, it often 
passes out ofthe body. 
During the passage out, Cr (VI) will continue to oxidize anything It can find on its way, leaving 
deposits of the moderately safe Cr (III) and absolutely unsafe Cr (V) behind. However, it can lodge in 
the body in the fine capillaries in the kidneys, intestines or lungs and act as carcinogen. 
Several research studies have shown that a number of chromium (VI) compounds can Increase the 
risk of lung cancer. Animal studies have also shown an increased risk of cancer. The WHO, the US 
Department of Health and Human Services (DHHS) and the US EPA have determined that chromium 
(VI) and Its compounds cause cancer in humans (IRIS, 1999). 
2.3.3 Copper 
2.3.3.1 Occurrence and exposure 
Copper is a pliable, malleable transitional metal, with a bright reddish metallic gleam, and also an 
excellent conductor of both heat and electricity. Copper occurs naturally in a wide range of mineral 
deposits. It is used to make textiles, marine paints, electrical conductors and wires, plumbing fixtures 
and pipes, as well as coins and cooking utensils. As copper is very toxic to fungi and algae, it is also 
widely used as a wood preservative and fungicide. 
In the survey done by the Ontario Ministry of Environment (MOE), it was demonstrated that copper 
is an essential micro-nutrient required in the growth of both animals and plants. In plants, it is 
especially important in seed production, disease resistance and regulation of water. In humans, 
copper helps in the production of blood haemoglobin (MOE, 2001). 
2.3.3.2 Jroxici~ 
MOE reported that both humans and animals need some amounts of copper in their diets, but 
exceedingly high concentrations of copper can be toxic. The most common warning sign of copper 
toxicity is the damage to red blood cells, lungs, as well as the liver and pancreas (MOE, 2001). In a 















Figure l ·7: Stability 01 'oppor dLKi r>& Combu"'ioo 
(Rogers et aI., 2007) 
2.4 Air I'01\UtiUll 
0' 
c::! S1abi1i1y " Ash = ExlMt at YoIall,zaioo 
The official rIf>~nition of air p-ollutlnn in s.outh African law, i, any change in the env ironment cau,~d 
by any ' ub'tanoe emitt~d Into the atmospher~ from any activJty, where thot ohange ha< an adverse 
effect on human health or well-being or on the composition. r~sili ~ nce and productivity of natural or 
monoged ecosystems, or On moterials useful to people, or will have ,uoh on effect in the futur~ {City 
of Cop" Town. 1007). 
The norm.1 (I~an air is composed of nitrogen (78.1%), oxygen (10.9%), caroon dioxide (0.03%). noble 
ga,es such as argon (0.9%) ond woter vop-our, as well a< paniculates (dust, ash. 'oM "nd p-ollen). 
Polluted air. how~v~r. contain< quantitie, of ga,e, and portkulotes that can harm animals and 











Pollutants derive from natural as well as anthropogenic sources. Any activities that involve 
combustion (heating and burning) create air pollutants. These activities include: 
:> Combustion of gasoline by motor vehicles 
:> Coal combustion for electricity generation 
:> Waste disposal through incineration 
:> Domestic activities such as cooking and heating using electricity, coal, paraffin, wood or gas 
:> mining 
:> Forest and grass fires 
Volcanoes and pollen are also sources of pollution. 
2.4.1 Health effects 
By the nature and size of the pollutants particulate matter (PM) are fine particles made up of tiny 
solids or liquid droplets that are so small that they can get deep into the lungs and cause serious 
health problems. Air quality protection regulations concentrate on particles that are 10 micrometres 
in diameter or smaller, because those are the particles that generally pass through the throat and 
nose and enter the lungs. 
Epidemiologic studies have demonstrated an association between exposure to particulate matter 
and adverse human health effects at concentrations commonly found in urban areas around the 
world (Karthikeyan et al., 2006). 
Particulate matter from dust, wood burning and diesel was reported by the City of Cape Town to be 
the greatest air pollutant in Cape Town, especially in winter (City of Cape Town, 2007). In their 
Newsletter no 38, WHO believes that a reduction in the levels of one particular pollutant, namely 
PM10 (aerosol with less than 10 micrometer in diameter), could reduce deaths by as much as 15% in 
polluted cities around the world every year (WHO, 2006). 
Numerous scientific studies have linked particle pollution exposure to a variety of problems, 
including: 
• Severe respiratory symptoms, such as irritation of the airways, coughing, or difficulty 
breathing as a result of decreased lung function; aggravated asthma; development of 
chronic bronchitis and tuberculosis (Guha Mazumder, 2003; Kapaj et al,. 2006) 











• nonfatal heart attacks; and 
• Premature death in people with heart or lung disease, especially children. 
It was reported by the City of Cape Town (2007) that people with heart or lung diseases, children 
and the elderly are the most likely to be affected by particle pollution exposure. 
It was reported from the fact sheet of Fine Particle Pollution Program (Fp3) (the program that 
advises Northeast Ohio residents when fine particle pollution (soot) reaches unhealthy levels) that a 
24-hour average of 40 micrograms per cubic meter (40 ~m3) of fine particles is considered 
"Unhealthy for Sensitive Groups" and a 24-hour average of 65 J.1g/m3 is determined "Unhealthy" for 
the entire population, (Fp3, 2006) 
2.4.2 Environmental effects of air pollution 
2.4.2.1 Visibility reduction and haze 
Haze is caused when sunlight encounters tiny pollution particles in the air. Some light is absorbed by 
particles. Other light is scattered away before it reaches an observer. More pollutants mean more 
absorption and scattering of light, which reduce the clarity and colour of what we see. Some types of 
particles such as sulphates scatter more light, particularly during humid conditions. Particulate 
matter pollution is the major cause of reduced visibility (haze). This brown haze is also reported by 
City of Cape Town (2007) to be a result of particulate matter emission from both vehicles and fuel 
combustion. 
Some haze-causing particles are directly emitted to the air. Others are formed when gases emitted 
to the air form particles as they are carried a long distance from the source of the pollutants (U.S. 
EPA, 2010). 
2.4.2.2 Environmental damage 
Particles can be carried over long distances by wind and then settle on ground or water. The effects 
of this settling include; depending on the nature of the particles making lakes and streams acidic; 











damaging sensitive forests and farm crops; and affecting the diversity of ecosystems (U.S. EPA, 
2010). 
Particulate matter is one of the six criteria pollutants according to U.S. EPA (Chong et aI., 2002; City 
of Cape Town, 2007; Von Blottnitz et aI., 2007). 
2.4.3 Arsenic in Tobacco smoke 
Tobacco smoke is a major recognised source of As in air. It is interesting to note that mainstream 
cigarette smoke contains 0.04 to 0.12 f,.tg As per cigarette (Kapaj et al., 2006). 
It is already known that cigarette smoking is a main risk factor for lung cancer and the authors found 
that cigarette smoking plus ingestion of As from drinking water had a synergistic effect, thus 
increasing the risk of lung cancer. Kapaj et al. (2006) suggested that reduction in As exposure should 
reduce the lung cancer risk in cigarette smokers. 
2.5 Particulate matter and CCA composition 
The size of particles is directly linked to their potential for causing health problems. A possible 
pathway for exposure through air-particulates is the incidental use of preserved wood (CCA-Treated 
wood In our study) in open fires, indoors or outdoors (Kapaj et al., 2006). The content of As in air-
particulates from open fires where CCA-treated wood was used, was found to exceed the German 
air quality standards by a 1oo-fold (Kapaj et al., 2006). It was reported by Benson (2007) that a 
number of metal compounds Including Chromium, Copper and Arsenic are among the composition 
of particulate matter. 
Arsenic in particulate matter poses a great threat to human health. In the second edition of the Air 
Quality Guidelines for Europe, published by the World Health Organization (WHO) In 2000, it was 
reported that there Is no safe amount when Inhaled (Fang et al., 2011). From thiS, it can be 
confirmed that some of the effects of particulate matter are associated with the presence of the 
metals mentioned above. 
2.5.1 Particulate matter and Air Quality Guidelines 











1) Source of PM 10 
"Inhalable rough particles," such as those found near roadways and dusty industries, are smaller 
than 10 micrometers and sometimes greater than 2.5 micrometers in diameter. They are 
mechanically produced by the fall to pieces of larger solid particles. Further these particles can be 
produced by road traffic through air turbulence that can stir up dust as well as sea (WHO, 2003) 
2) Source of PM 2.5 
"Fine particles," such as those found in smoke and haze, are 2.5 micrometers in diameter and 
smaller. These particles can be directly emitted from sources such as forest fires, or they can form 
when gases emitted from power plants, industries where combustion and automobiles react in the 
air. It is in this category where heavy metals investigated in this study are found. 
It has been found that many kinds of combustion particles from power plants and residential heating 
(residual oil fly ash, coal fly ash, wood heating particles and transport/traffic-related particles) 
induce toxic responses after exposure of animals and humans. In addition, particles released to air 
from different kinds of factories have been found to be toxic (WHO, 2oo3).Those particles mainly 
include toxic organic compounds and heavy metals (Air Info Now, 2010). 
Based on known health effects, both short-term (24-hour) and long-term (annual mean) guidelines 
are needed for both indicators of PM pollution. An annual average of 10 Il8Im3 (PM2•s) was 
considered as the lower end to which significant effect were observed in American Cancer Society's 
study, (WHO, 2005) 
PM2.S: 10 Il8Im3 annual mean 
251l81m3 24-hour mean 
PM10: 20 Il8Im3 annual mean 
50 llg/m3 24-hour mean (Source: WHO, 2005) 
2.5.2 Arsenic guidelines in air 
ARSLAND report in (2006) stated that when 'arsenic' Is used in the context of airborne particulate 
matter It refers to inorganic arsenic. Concentrations of arsenic in ambient air range from 1-3 ng/m3 











in the UK have been stated to be 'typically in the region of 1 - 2 ng/m3, with a highest value of 
8.36 ng,lm3 (Maggs, 2001). 
Across Europe, values are 0.2 - 1.5 ng/m3 (rural), 0.5 - 3 ng/m3 (urban background and traffic-
related sites) and 50 ng/m3 (industrial sites) (ARSLAND, 2006). 
Whatever quantities of arsenic in the air, the impact on health depends very much on the particulate 
size distribution, with PM10 arsenic being the accepted metric for the assessment of health effects 
due to the inhalation of airborne particulate matter. 
Arsenic and arsenic compounds were evaluated by the International Agency for Research on Cancer 
(IARC) and evidence was found that these compounds are carcinogenic to humans, (EHC 224, 2001). 
Lung cancer is considered to be the critical effect of airborne arsenic inhalation and a lifetime risk of 
1.5 x 10-3 is estimated for exposure to 1 ~m3 airborne arsenic. From this it can be estimated that 
the excess lifetime risk level is 1:10000, 1:100 000 and 1:1000 000 at air concentrations of 66 
ng/m3, 6.6 ng/m3 and 0.66 ng/m3 respectively (WHO, 2000; EHC 224, 2001; ARSLAND, 2006). It is 
thought that 0.66 ng/m3 (one-in-a million risk) overestimates the 'true risk' (EHC 224,2001). 
The regulations on airborne arsenic in the European Community were introduced because of 
evidence that arsenic ' ... is a human genotoxic carcinogen and that there is no identifiable threshold 
below which the substance does not pose a risk to human health' (ARSLAND, 2006; Fang, 2011). 
The European Community state that, from a cost effectiveness point of view, ambient arsenic air 
concentrations cannot be reduced to a level which will not pose a significant risk to human health, 
and that target values need to be identified which would not require any measures entailing 
disproportionate costs, but which would require all Member States to take all cost-effective 
measures. 
The Directive of the European Community had set a target value of 6 ng/m3 for an annual average, 
total PM10 arsenic concentration to be met by 2010 (ARSLAND, 2006). 
According to the regulatory limit (Table 2-3) by the Occupational Safety and Health Administration 











Table 2-3: Standards and Regulations for inorganic arsenic 
(Wu et al., 2006) 
Agency Focus Level Comments 
Governmental Industrial Air: Workplace 10 I!8Im3 Advisory; TL V /TWA 
Hygienists 
National Institute for Air: Workplace 21!81m3 Advisory; 15 minute ceiling 
Occupational Safety and limit 
Health 
Occupational Safety and Air: Workplace 10 1!81 m3 Regulation; PEL over 8-
Health Administration hour day 
TLV/TWA (threshold limit value/time-weighted average): time weighted average concentration 
for a normal 8-hour workday or 40-hour workweek to which nearly all workers may be 
repeatedly exposed. 
PEL (permissible exposure limit): highest level averaged, over an 8-hour workday, to which a 
worker may be exposed. 
2.6 Methods employed 
2.6.1 Methods employed to investigate the concentrations of chromium, 
copper and arsenic from CCA treated wood 
Different methods can be used to determine the concentration levels of different constituents in 
wood and other plants. Rodushkin et 01. (1999) in their article "comparison of two digestion 
methods for elemental ,determinations in plant material by ICP techniques" recommended the 
following techniques for digesting wood and other plant materials: 
1. Open vessel 
The open vessel method required 2 g of the sample and 10 ml of HN03 (analytical grade) for 
30 min. The mix is put into an aluminium block, and the temperature is elevated to 120°C for 
2 h. 100 ml of water is added and the mix is left to cool at room temperature. A 10 ml (aliquot) 











2. Microwave digestion 
This article reports that this method requires 0.5 g of the sample into a PFA digestion vessel, 
5 ml of nitric acid (additionally purified) and 0.5 ml of hydrogen peroxide. The mix is put into the 
microwave oven and digested at 600 W power for 1 h. The vessel is removed and cooled at room 
temperature. The digest is transferred to a plastic auto sampler tube and diluted with water to 
10 ml then mixed, centrifuged at 4000 rpm for 5 min and diluted further five-fold for ICP/AES 
analysis. 
Conclusion: results obtained indicate that both procedures possess qualities that make them 
suitable for ICP/AES determination of major, minor, and trace elements. 
As the use of reagents like perchloric, hydrofluoriC and sulphuric acids is avoided, extended 
supervision during sample preparation is unnecessary and side effects are minimized (Rodushkin et 
al,.1999). 
Microwave digestion is recommended if high analyte recovery is of great importance. The only 
advantage of procedure 1 is its low equipment cost and less demanding sample preparation. 
Stilwell et al. (2003) developed a procedure to determine the amount of Cr, Cu and As in wipe 
samples based on acid extraction using nitric acid. The test material used for method development 
was CCA wood powder from sawdust mixture obtained during CCA wood cutting. Different 
percentages of nitric acid were used and they came up by adopting an extraction in 10% HN03 at 
65°C for 2 h as standard procedure. Their study also reported that the concentrations of Cr, Cu and 
As in the CCA wood powder were determined in six replicates by microwave-assisted nitric acid 
extraction (EPA method 3051) followed by analysiS by inductively coupled plasma-atomic emission 
spectroscopy (ICP-AES). 
The results thus obtained by Stilwell et al. (2003) of 2714±62, 1557±44 and 2654±26 mg/kg of Cr, Cu 
and As were in reasonable agreement with the nominal values of 3120, 1840 and 2800 mglkg of Cr, 











2.6.2 Methods employed to investigate Arsenic in air 
1) Acetic acid and ethanol 
Rogers et 01. (2007) investigated the volatilization of Arsenic when CCA treated wood is burned. They 
passed the wood samples through a non-porous ceramic furnace and the species volatilized during 
combustion of the sample was allowed to pass through a filter, while fly ash was collected on it. The 
filter was finally washed with dilute acetic acid and ethanol and the washings were analysed for 
dissolved metals by ICP-AES. 
2) Nitric acid+ hydrogen peroxlde+ perchlorlc acid and the addition of ethanol 
In the study done by Giles (2005) on 'Sampling and Analytical Methods: Arsenic, Cadmium, Cobalt, 
Copper, Lead, and Nickel', they used a calibrated personal pump equipped with MCE (mixed-
cellulose ester) membrane filter with back-up pad (BUP) contained in a polystyrene cassette to 
collect the air samples. The filters with specimen were digested in microwave oven with nitric acid 
and hydrogen peroxide, for 12 minutes at 104°C followed by the addition of perchloric acid at 86°C 
for 6 minutes. Ethanol was also added. After cooling, the digest was analysed by ICP/MS. This 
method is critical because of the digestion of filter cassettes, while those cassettes can be used for 
next sampling. The method is also very expensive and complicated as it used 5 different products for 
digesting the samples. 
3) Nitric acid and perchlorlc acid 
Alvarez et 01. (2004) used a high volume sampler equipped with a cascade impactor PM 10 inlet to 
collect air samples. The particle samples were analysed by acid digestion assisted by microwave 
heating using a HN03:HCI04 (3:1, v/v) mixture. Thereafter, Arsenic was determined by hydride 
generation atomic absorption spectrometry (AAS). This method is not suitable Since the use of HCI04 
may cause explosion when organic compounds are present in the samples. 
4) Aerosol sample collection with a MinVol portable air sampler and analysed by nitric acid, 
hydrofluoric acid and hydrogen peroxide 
In Singapore, Karthikeyan et al. (2006) used a MinVol portable sampler for PM collection over 24 
hours at 5 L/min. Different filter substrates i.e. Teflon, Zeflour and quartz were used to compare 
their effiCiency. Different size fractions of atmospheric particulate matter including PM 101 were 
collected and weighed. The filters were weighed using a microbalance (6 decimals) before and after 











the stainless forceps to avoid any loose of particulate matter and were put into individual containers 
until extraction. 
The mass concentration of PM 10 were calculated from the amount of PM1o coliected onto the filter 
[IlS] divided by total volume of ambient air drawn through the filter [m3]. 
After all calculations of the mass of PM10, the filters were digested using HN03 (4 ml), H20 2 (2 ml) 
and HF (0.2 ml). In contrast to the Quartz filter, Teflon and Zeflour filters did not dissolve completely 
in the acid mixture. 
Yonget al. (2000) and Karthikeyan et al. (2006) reported that the total digestion of the filter is not 
necessary for determining total metal since ICP has the capability to dissociate all forms of trace 
metals because of high energy and ionization provided by the plasma. ICP/MS was used to 
determine the total metal concentration in this study. 
This extraction process was found to be simple, fast and reliable and can be used for analysing 
numerous air particulate (Karthikeyan et al., 2006). 
Conclusion: All these methods have advantages and disadvantages and it is clear that in all the 
methods mentioned above, only the total arsenic was investigated. The digestion time is long. As 
informed above by Yong et al. (2000) and Karthikeyan et al. (2006), the only matters should be that 
all the collected samples should be digested even though the filter is not. 
2.7 Concluding notes 
The literature review highlighted the history of CCA treated wood and its longstanding application. It 
detailed the behaviour, dangers and toxicological effects of the elemental constituents of CCA. In 
many countries, research studies have been carried out on the characteristics, leaching and 
deportments and dislocation of chromium, copper and arsenic from CCA-treated wood. Possible 
toxicological effects to humans and environment were also reported when CCA-treated wood is 
burned. But controlled burnings can be a means of minimising pollutant emissions from CCA-treated 
wood. It was also seen that South African wood industries use CCA treatments for the wood used in 
the country, with little market penetration so far of alternative treatments, which mainly are done 












3 Approach and Methods 
This chapter outlines the experimental work to be carried out, in order to achieve the study's 
objectives. As stated in chapter 1, the main objective of this dissertation is to investigate whether 
informally operating urban caterers and their clients are exposed to any significant toxicity risk when 
CCA-treated wood is burned. The emphasis is put on investigating whether CCA-treated wood is 
being used by informal caterers, if so, what levels of CCA it contains, and how much are they 
exposed to the smoke when the CCA-treated wood is burned. Furthermore, by comparing the results 
of this 'study to the regulatory limits detailed in the literature, the researcher can determine whether 
these levels pose risks to the people. 
3.1 Research motivation and research questions 
In South Africa, wood fuel is predominantly used by people in low income groups living in poor 
conditions, for example in informal settlements, rural areas and townships. Caterers in those areas 
use wood as a fuel for cooking or braaing (grilling of meat) and some households use it for heating 
or cooking purposes. Wood industries in South Africa do process wood with CCA and classify it 
according to the levels and quantities of CCA impregnations thus used for different applications. This 
study limits its scope to wood used as fuel by informal caterers in the townships and informal 
settlements located in urban and peri-urban areas of Cape Town. 
The objective of this dissertation will be achieved by answering the following research questions: 
1. Is CCA-treated wood used by informal caterers? 
This will be answered by collecting some treated wood samples from caterers' wood-stocks and 
ready to be used as fuel and analyse them. 
2. Is there any release of significant pollutants into the environment from the use of CCA-
treated wood as fuel? 
This will be answered by analysing and calculating the levels of the CCA constituents in each wood 
sample, and the same analysis will be carried to smoke samples as well, which will be collected from 











3. Is the concentration of the pollutants released harmful to the environment and human 
wellbeing? 
This will be answered by comparing results that we find with available research already done and 
limits already set. 
The following sections provide information as to where the samples were collected from, 
considering Cape Town International Airport as a reference (Section 3.2), the procedures used to 
collect both wood and air samples (Section 3.3) with specific attention given to the PM10 sampling 
and the instrument used to collect the smoke samples. The operating protocols, experimental 
approach and analytical techniques used are detailed in section 3.4 of this chapter. 
3.2 Site descriptions 
Sites at which informal caterers are working were selected in and around Cape Town so as to 
compare whether caterers operating in urban area and those In peri-urban area make use of the 
same type of fuel wood. 
In the urban context, three townships i.e. Nyanga, Khayelitsha and Langa were chosen to represent 
urban areas. In an earlier exploratory study in Nyanga and Khayelitsha on ash left behind after use of 
wood as fuel, the results showed no significant levels of the suspected toxic in the wood treatments 
(Claasen & Sibanda, 2009). A site in Langa was added during the course of the investigation as a 
result of a collaborative study with colleagues from the Occupational Health unit of the Faculty of 
Medicine, who investigated human exposure. All three areas are situated in the municipal area of 
the City of Cape Town and are old townships. These three townships are situated not more than 20 
km from Cape Town International Airport which allows them to be considered together. 
In the peri-urban context, locations in Kayamandi (near Stellenbosch), Worcester and Mbekweni 
(near Paarl) were chosen for comparative purposes. These townships are situated at more than 30 











3.2.1 The urban context 
Nvanga 
Nyanga i, one of [ape Town', olde,t an d large,t !>lack towmhip'. It was est"bli,hed in 1955. It li ~, 
about 26 km from th~ city c~ntre along t h~ N2, c105~ to the [ape Town In~ ern"tion"1 Airpo rt (Figure 
3·11 and. lik~ mo,t of town,hips in the country. C4"iginated "' a res ul~ of th e mig,ant lab"", 'ystem 
Ny",,,," is ,till poor and is m"de up mo~tly of informal settlement, where people live in 'hack< 
(Wiechow'" & Bak. 2007). However, organitations opened i)u5inesse5 in Nyang. arid many ar~ ,t ill 
opening. En~repre ne ur!> have opened barber shop" hairdressi ng 5alon5, tuck ,hop' etc., and 
informal ~raders and fruit sell er!> lir>e the main .t,eets The informally operating cater~" i nclud~ 
braaieT5 of meat, sau5age, and ' heep head, chicken boiler<, Africa n !Jeer brewers and m"ize 
vendors. Those are th e main productive use" offool wood; in "ddaion ~here are ~hos e who us e i~ in 
their home, for other Ilurpo,e, "' heating, cooking (SA-Venues, 2011). 
BOQu,nnr 
d ustroa1 Area 
-. I I 4.,... 
Cro~sroad5 ..... . 
".......... 41 
In the first round sa mpling campaign wood s.mples were collected ,andomly from along the 
roodside from different catere rs . Thi, are a i, bu,y with people a, householders "re fu~y ,i~ uated 
both sides of the r03(1. In the third round samlliing camp"ig n, wood ,ample, were collected on~ 
from chicken boilers as they seemed mo,t likely to u'e trea~ ed waste wood. Thi< w., "Iso "long th~ 
roadside. Smoke <ample, u,ed in the study we re collecte-d along the ro"dside wh~re wood sa mples 
wer~ taken whil e others were tak en arou nd the Nyanga Taxi ran k. This is "1'0 a bu ,y place wit h a lot 











langa i, situated jusl15 to 2D kilometres from the centre of cap~ Town an d a cc ~"i bl~ w roer~ troe N2 
joins Bu nga Av~nue (Figure 3-2)_ The .rea was m<>de up of single, quarters and hostel, for migrant 
worke rs during the apartheid era, but has been tr.nsforming in the p~,t two ye~rs. l an ga host' ~ 
' quatter camp a nd il has al,o. va'lt.xi rank a rod • community centre (SA ·V ~ nu e., 2011). 
langa wa, created in 1901 in the wake olthe Bubonic Plague where ove r ~O Afrio~n', identifi . d a$ 
a 't",alth ha,ard', were "" ettled. It b ~oame the lirst black town ship in th~ Cape (SA-Venu~" 2011). 
A, in Nyang~, t t", re i$ a vil:>r~nt informal cate ring economy, including br •• iers of mea t, s",-"age, ~nd 
,heep heiOd, chicken boilers, Africa n beer br~we rs and mai,e vendors._ 
SUrley 
1',(IIi I ..... 
@ C>p<IG<"" W""..t,,,,,I A.- vvt 
@ l""'1' 
Langa wa, only vi,it ~d for th e third round ,.m j>ling camp~ign_ Wood a nd smoke ,.mple, wer~ 
oollec:ted from the caterers working ~long roadlid"', boiling m.i,e and African b ~e r. while ,ome 
ot hers we re braaing meal. This area wa, busy with hou,eholders since the road passed in b-etwe~ n 
Khay~lit<ha 
Khayelit'ha is silual!'d .t 32 kilom ~t re , from the centre of C~pe Town. adjacent to lloe N2 National 
Road, More tha n h~lf of Ca pe Town', unemployed live in the are a of Khayeli t, ha, It w~, created 










bt.ck township on the [ape FI.t,. It, location from Cape Town International Airport can be Seen in 
figure 3-3. 
" 
• Clpe Townflle~,o.tporI_ 
• Kha~, 
Five years "go, 500000 people, constituting 51% of Khayelit'ha" economically aClive population 
were unemployed, and 90% of r.ousehold, earned less than R 3500 per month (Benson, ZOO7)_ Many 
of the township's reSidents live in formal houses, The houses are a combination 01 the 1980s 
'matchbox hou,e,' and the more recent low-cost homes, and t"" business district is last beinS 
developed with an open-air high street mall opening for business recently. 
Khaye litsha is known to have a compromised air quality. w~re PM," is the predominant air 
pollutant_ O~ of th e recorded cauSeS is the use of wood as a fuel (Tessema, ZOll; City 01 Cape 
Town, 2007) 
It " known that wood " used by households for heating purposes es~cially in wintertime (Benson, 
1007; City of Ca~ Town, 2007). Informal caterers al'o make use 01 wood when braaing me.t and 
,"usages, boiling chicken, sheep ""ad "nd maile. 
In Khayelitsh., ,amples collected in the first round sampling campaign we re taken randomly alonS 
th e roadsick as in Nyanga_ Th e wood and smoke sample, collected in the third round sampling 
campaign were collected from the Makha,a .ite in khayelitsha, dose to sheep head boilers and 










3.2.2 The peri-urban context 
The town,hip, in pe ri·Llrl,." ;"eas 01 C.pe TOI',m h .~e th e lolln w; ng common fcature" tlleY 0'" 
' UI rounde d by I, rge f, nm , nd , itLlated in Ihe vici nily of ' ma il e r Inwn, . In lhi ' ' Iudy. K.y ;" "and i 
(n ear Ste ll enbo ,ch l. Zwe lethema (nea l Worce'leri and MI.e'weni (n ear PaM li we re chn., en 10 
"'Pre"'nt th e l"' Ii urba n a leas 
Kayamandi 
II i, loca led nLl ;;ide nf Slel len I)()ch • iJ.ou t 39 'i lnme ICL' I rom Cape T 01',,,, I nt e rn . lion;,1 ;, i rpo r I i F i~ Ll re 
3-4 1. a nd it wa, founded in 19~O_ Curre nlly K;, y, m. ndi h" a rx' pul alion of abou t 33lW people on 
7~ .l,(; hec lMe, More than ~ ~ii, of th e rx'pul' lio n in K, y, man di expe rie nce poor living condit io ns in 
' quatter camp ' wit l>oui a pro per i nr ra' lr ucture Seven in ten m en I i', in g in Kay,m on d I hMe I ~ a nd 
Ih e re i, . 1'0 hig h incidence of Olher chronic illn e« ,u ch " diab ele" ep il e p,y etc. There a le 
a pprox imaler, 1 lXlO peopl e wilh full-blo wn AIOS in K' Yilm a ndi i!\~L lJ evelopmc nt 5e,,'i cc, . 
"npu bli , h,·di. i\; in DI ll er to wn, llip , inve,t igoted, in KilYilm ondi, cotere" 0 1.' 0 u' c wood 10 prepare 
f ,x,d to r t lle i r client, -
mimi -
(j C ' l'e T::<~ l h.,"ai OO-! I Arp'.1 
~ K,\""," OOI . SIeIer.b-osc~ 
In KOY ;"l1i1nd i, I"aad ""d smoke ',;i mp'" we re ta,en pu rrx',efulr, f rom t he chicken a nd mdile 
ha ile r<, an d , hee p he ads ',endol' Ua,ed on vi, ,, ol in" p" ct ia n nl th e wood in the''' stoc" ready to be 
u,,-d, th ,·y , ec mcd to u,e rCA-lre;, I,," wood. Tbe ,.mple, werc to" 'n trom • bu,y place clo\ e 10 










Zwelelhemba (near Worc~ster) 
Worcester is a town located at al:>out 111 kilometers north of Cape Town along the Nl (Figure 3-5), 
Worcester has a lot 01 inlorm~1 settlements arod townships, and there also inlormal caterers oorning 
wood daily when preparing lood lor the people. One visited town,hip wa, Zwelethemba. It i, 
located 6 km from the centre of Worcester. The large,t problem in the community is mainly rel>ted 
to health education for children and tho~e li~ing with TB and H IVI AIDS (Sulhou, 20ll/Novem tier). As 
in other townships, caterers use wood to prepare food lor their dient~, whilst hou~ehold, u,e wood 
for heating and cooking purposes . 
• 
I 
SOlem I • 
• woo:ester, 
The wood ,ample, were taken from one caterers fuel wood trolley, after considering the visual 
aspect 01 the colour of the wood, The place wa~ I:>usy with caterers and their cli ents and hou~eholds 
around, 
Mbekwfni 
Mbekweni is a township 'ituated about 80 km north of Cape Town rJear the town of PHrl (Fi gure 3-
6)_ As with other township~ in url:>an areas, its history can tie traced back to the apartheid period. It 
had a growing population of 24,000 people following the pattern of urbanisation and rural 
commu nit;.., moving to popu lated centr~' for both employment and service" against a backdrop 01 
deCTe~'inR life expectancy (Hope through action, 2010). The health of the residents is of concern: TS 
increased in the area by 17% lrom 2001 to 2002, (Hope through action, 2010). C.terers also use 












The wood ,ampll'S were lak"" from both caterers and houses illongside the road considering the 
visual ilSpl'Ct of the coloor of t he wood. The place is always buSV with t he caterers and th e ir client, 
0' we ll,,, the people living around. 
3.3 Sample preparalion and analysis 
3.3.1 Wood sampling 
Sampling of/uel wood occurred in 3 urban .reas i neluding Longa, Nyonga aod Kilayeli(,ha and 3 peri-
urban areas including Zweletoomba IWorc~sterl, Ml:>ekwenllPaul1 and Kayamandi iStelientloschl in 
tile Western Cope. This cx(urred In three different camp. ign' _ 
In the firs! ca mpa ign Dr S Naidoo oftloe research team visit ed Nyang. , Khayelitsha ilnd S other arca, 
in the urban area in October 2010. He randomly collectcd " tota l of 226 wood ,amples: 55 from 
Nyanga, 31 from Khilyelitshi1, 45 from Mala wi Camp, 45 from Bille Downs, 10 from neM a FaLlory 
close to Millawi Camp, 25 from close to Airport Kaya and 15 from Jan Smut D ri~e _ Of those areas, 
Nyanga and Kh . yelit,ha we re considered a, representative of urban areas w hich "",ans thilt on ly 86 
wood samples from the first campaign were analysed, vi " 55 wood ,amples from Nyansa and 31 
sa mples from Khaye lit' ha which were to 00 used as a fu e l source boy informal food caterers. The 
,amples were stored in stori\i!e boxes (Figure 3-7) oolore transporting th e m to ,rn. Chemical 










In r~bruary 2011 0'"' s"mple w", collected in K"yam"ndi. This 'j>ecimen h"d" dork green tint and 
wo, noticeably different in "ppear"nce from aN s"mple, previously wllected in urbon "reo,. Thi' 
mode us think of a second ,ampling c"mpaign in j>eri·urban area,. 
The ,econd c"mpaign started in March 1011 and wa, jointly eXl'Cuted by the autho r and Dr 5 
Naldoo . In wntr"st to the first sampling c"mpaign, wood w"s selected ba,~d On th ~ visuol sus!",ct of 
CCA·tr~"tm~nt. A totol of el~ven samples wer~ purpOse/ul ly collec~ed from Zwelethemba (near 
Worc~st~ r) (eight ,ompl~') "nd Mb~kw~ ni (near Paa rl) (th"' ~ ~am ple,). They were both from hou,e, 
and from c"terers' trolleys. All were pI"ni<s and some of them ,howed th~ gr~en colour. Th~y w~ r~ 
,tored ,eparately. The e"rller $tel lenbosch ,ampk! w., oombin~d with th~'~ 11 ,"mp l ~<, al l 
r~prcsenting spcc;m~n~ of su~pcct~d CCA·tr~ot ~d wood fou nd in peri · u rban area,. 
k, thefi"t comp" ign hod tleen" rondom one in urb"n orcas and the second one" purpo'ive one in 
p~ri·urban or~.5, w~ thought of 0 thi rd campaign in both urban " nd j>en-urb" n area, which again 
purposdu lty l ook~d for.nd co l lect~d fuel wood specimen, that apj>eared to hove been treated by 
CCA. In Jun~ 2011, 18 ~.mples w~r~ co llected from the area, sampled before, excluding Worce't~r 
and Mbelcweni. In th i' campaign, L"nga was " 1'0 inc l ud~d as an urban area, a' a co ll"oorative study 
wl~h co ll ~agu~s from t he Occupational He"lt h unit had se lected. ,it~ in th is " r~o . 116 wood ~ample~ 
(Tab le 3·1) from "II the area, we re "n"lys~d. 
In ~och co,e, oi l samp l ~s w~rc labe lled dfop<'nding on where they wer~ col l ~ct~d from. 
urlm ''''" 0C'!i .... bH' """ 
"" i-I,""Ii' Kho¥£. u.. ''''' St"' r.bo5<h ~r.i Wore.st", tot.1 IS: c~~ iNo_:.cr/20lOi " ;C " " " " ~ 2nd wl"I;>! (March/2011i " " " 
, , , n 
lrdc"";>' il ..... ,.'1011i , , ; , " 
, 
" " tot,l n " ; ; 










3.3.2 Smoke sampling 
3.3.2.1 MiniVol "i,. s"",,,ler' 
The MiniVoI'" Tactical Air Sampler (TASI(Figure 3-81 is a portable ambient air sampler for particulate 
matte, that can al, o be oonligur!'d 10' sampling various ai, toxic>, Ttli' manula<t u,er daims that the 
P<'t ent ed low now technok>gy used in the MiniVoI'" TAS was developed jointly with the U. S. 
En~ironmental Protection Agency (EPAI in an effort to add,e" the need for portable air pollution 
, ampling technology, The manufa<tu,er lurther makes the lollowing etaims, wh ich justified the use 
of thi' in,trument lor the .,t,>nded purpose of collecting ,moke ,amples ncar informally operating 
caterers, 
"While not 0 reference method somp/er, the moss concentrations of Ihe MiniVol~ TAS give re<ults 
tOOl closely agre~ with reference method concentrations. 80th accurate and preci,e, the battery 
a~rated, lightweight MiniVoi~ TAS is ideal for sampiing ot remo te site, or areas without power. The 
MiniVol~ TAS feat~re5 a 7-day programmabif' timer, a constant flow contra/system, an ela(1Sed time 
totoliTer, rechorgeabl~ battery pach, and an al~weather enc/as ~re, N {Air metrics, 2002). 
During the smoke samplin&, th e MiniVol operated without problems, 
3.3.3 Equipment calibration and controlled smoke sampling 
As discussed above, the MiniVol is . portable sampler to determine PM" In ai r, lor environmental 











Before using the MiniVol sampler, which was newly acquired for this study, it was compared to one 
of the fixed air samplers installed at different air quality monitoring sites In the city of Cape Town. 
During September/2010, the MinlVol was set-up close to a TEOM sampler at the Bellville South Air 
Quality monitoring Station. The TEOM (Tapered Element Oscillating microbalance) is a fixed air 
sampler that provides a continuous direct mass measurement of PM10, PM2.5, and PM1 particulate 
loaded on filters. Sampling was performed over a 24 hour period. In both cases the particulate 
matter was collected on filter papers. Gravimetric analyses of the loaded filters give the particulate 
matter concentrations in the volume of air that passed through the filter papers. This is known as 
PM 10 concentrations and reported in ~m3. 
The PM10 concentration read from the TEOM was 61.19 ~m3 while the MiniVol showed 58.37 
~g/m3. The difference between the TEOM and MiniVol 24-h average concentration measurements 
was 2.82 ~m3 with the TEOM yielding slightly higher results; a similar result to the Baldauf et al. 
(2001) study, which an average difference of 3 ~m3 (with the TEOM sampler also reporting higher 
values). According to Baldauf et al (2001), the collection efficiency of the MiniVol is influenced by 
wind speed. The average differences between the two samplers were found to be reasonably small, 
supporting the plan to use the MinlVol to collect particulate matter in smoke from wood fires. The 
particulate matter was collected on quartz filter media. The loaded filters were weighed to 
determine its PM10 concentration and then analysed in the laboratory for Cr, Cu and As, after 
digestion. 
In the next preparatory experiment, the MiniVol was placed close to a wood fire to sample Its 
smoke. Particles in the smoke were thus collected on filter papers and analysed. The wood 
considered to be untreated (sample 55 and 51) both from Nyanga, were burnt after the CCA-treated 
wood burning and they showed inconsistent results (Table 3-2). The wood that was also burnt for 
collection was from an H5 specimen collected during the second sampling campaign from 
Stellenbosch and an H2 collected from the Epping Timber Treatment. This was done to confirm that 












mu, of - i:-; T "----""T"- --'--l Ti me PM" Cu A, ''''": ~ Sample bur~d 1"' PMl_ol "'l!J I (~g/ (~J (~""l ( /"" 1: A,r_~_t_io i _ _ _ _ ~ ... !!I_.~.L 
"' , I (St~lIenbo<chJ 0.58 0.25 1387.9 6.52 1.53 51.91 4: 1: 34 
"', 0.57 0.14 795.4 7.39 1.42 19.17 5: 1: 14 
Sample S5 0.20 0.01 '" " 83.5 
, 0.3: 1: 
0.' 
Sample 51 0.10 0.01 '" " 
, 
" 3.5: 1: 
" 
It wo, noted that the concentration 01 arsenic ~ol~tili,ed from typical ((A-trNted wood ronged 
between 19 ar.d 52 I-I&'m ' Th is concentration de per.ded on the distance between the fire and the 
MiniVrn ;ampler and the inten,ity of the fire. These re,ult, obtained t ied in with the re,ult, reported 
in literature re~iew' on the MiniVo l p-erlormance by Ba ldauf et al (2001), and therefore ,howed t hat 
the MiniVo l Sampler wa, suitable to collect smoke sample, for thi' ,tudy. 
3.3.3.1 Andllw:1' e'luipmellt 
The filters used in th e Itudy were made of quortz_ They were chosen for the ir re5 i,tance to carbon 
damage; complete digest ion of the lilter by acid was not required for Cr, Cu ond As det erminat ion in 
captured particu late ",.lter. The li lters were 47 ",m in diamete r ~nd th e pore site wos 0.5 11m, 
which is acceptab le for PM" sampling. The filters were pre ,we ighed using ~ 5 decimal microbalance 
.r.d kept in dean petri dish e,_ During :;ampling. the filter wa:; placed in the filter (assette and put 
into th e inlet containing PM 1D impactor. After (heck ing thot e~ erythlng Is in order for the Mini Vol, 
the start button wa, pressed. After ~he sampl in g, the loaded filters were removed from th e cassette 
and put in the petri di,he, to transport them to the la!:>oratory for re- weighing (Figure 3-9). After 












aj lkdmal microbalance 
bj lo.,ded lilters in petri dishes 
3.3.3.2 Smoke 5umpillllJ /"cat;"IJS 
The c~mpaign 01 smoke sampling ,tarted in May 2011 ~nd wa, done in the same areas where the 
woDd samples hod bee n taken. Th e areaS where woDd samples were token Irom were revi. it ed lor 
smoke ,amj>ling, excluding Zwelethemba in Worce,ter and Mhekweni in Paarl. Samples from Langa 
were included under programme 0/ joint wood and air sampling listed b-e low. A total of 19 smoke 
sa mple~ were collected, but one of them wo' damaged dllfing tran<poftation wh ich allows the 
re,earcher to consider 18 somples composed as fo l law~ 










- 3 samples from Khayelitsha (close wood fires) 
- 4 samples from Langa (close wood fires) and 
- 3 samples from Kayamandi (Stellenbosch) (close wood fires) 
The smoke samples were collected over duration of between 1-4 hours. The height at which samples 
were taken from was approximately 1.50 m and the distance from the fire was generally 2 m except 
for three samples taken from Nyanga around the Taxi Rank where it was farther (±100 m) from the 
fire. The detailed information about the conditions in which the smoke samples were taken from is 
fully described in Appendix 1. 
This section describes the procedures used to calculate the quantity of the CCA metals in the smoke. 
After performing preliminary experiments on wood and filters, it was confirmed that the same 
microwave digestion method is applicable to both wood and smoke samples. 
After the filters were weighed upon return from the field, they were kept in clean petri dishes until 
the microwave digestion. 
Very small quantities of smoke were collected. The average weight of an empty filter is 147.14 mg 
while the sampled filters on average weighed 147.69 mg. The average of the weight of PM collected 
was approximately 0.55 mg. 
The sampled filter was digested by nitric acid as stated above. After the digestion, the digest was run 
through ICP-AES analysis for total metal analysis. 
The reading from ICP was in ppb (part per billion). Where the ICP reported negative values, the 
samples were considered not to contain any metals. The ICP readings needed to be converted to a 
concentration of metal in particulate matter, expressed in ~m3 of air. To determine this, the 
following 4-step calculation procedure was used. 
3.3.4 Joint wood and air sampling 
Part of the smoke sampling was conducted jointly with the third wood sampling campaign, with the 
aim of observing whether there was a correlation of both metal contents in wood and smoke 











Table 3-3: Wood and smoke samples taken at the same time 
Place Date Wood sample number smoke sample number 
Langa 27.06.2011 1,2 9 
29.06.2011 - 10 
30.06.2011 - 11 
2.07.2011 3,4,5 12 
Stellenbosch 2.0B.2011 16, 17,lB 13 
3.0B.2011 15 14 
27.0B.2011 - 15 
Khayelitsha 20.B.2011 6 -
- 16 
7,B 17,lB 
The numbering of all the analysed samples is available in Appendix 1 
3.3.5 Wood samples 
To analyse wood samples for total concentrations of Cr, Cu and As, finely ground sawdust produced 
from the samples were digested in nitric acid according to EPA Method 3051, followed by ICP 
analysis. The following sub-sections describe the extraction of material from the collected 
specimens, the further sample preparation, as well as the ICP analysis method. 
3.3.5.1 Wood size reduction 
In order to analyse the wood samples, a drill press flitted with a 15 mm circular hollow bit was used 
to extract wood chips from the wood. The objective was to obtain a representative chip sample at 











F~LKe 3_10: ,~Ip wood .. mpI., 
The chips were further reduced into sawdust {si,e <0.Z5 mm), as recommerKIed by Stilwell et . 1 
(Z003) uSing a grinder (type: Retch ZM- l : the Ferguson Industri . 1 Equipme nt Group, Johannesoorg 
2000). All the sawdust samples were ke pt in pla,tic bag, and labelled according to where the ,ample 
was collected from (Figure 3·11). 
3.3.5.2 Miaowuvc wom/ "W<,S/IOII 
A clo,e d ves,el mkrowave digestion system (MARS Xpress (EM-USA) wa, used to digest the wood 
,ample" It con,i,t, of a compact terminal touch scru n display with operator 'electable 0- 1600 W 
output, temperature control up to Z40' C, pressure control up t o SOO p, i, laye r-PTF E coated 










Due to the larg~ num""r of 'ample, arid to the prior use, the vessel' were soaked in a mixture of 
nitric acid and hydrochloric acid overnight to prevent contamination arid finally, ttle vessel' were 
rinsed with ultra pur~ water three time" 
0.25 g 01 sample wa, put into each Teflon ves>el along,ide with 10 ml of analytical grade 55% HNO,. 
T~n t~ vessels were capped. placed into the microwave system. and digested. The sample, were 
digested using tile protocol ,u mmarized in Tab le 3-4. After cooling to room tem p"ratu re ttle Sa mpl e 
digests were carefully tramferred to 15 ml flasks and diluted to the final volume using ultrapure 
water. This was performed in a fume cupboard, Ttle samrles were ttlen refrigerated at 4 ' C until 
analy,i" 
Ste p Time lminl Powe r(Wj T~m perature (' C) Pressure (psi) 
, 
, 
" ,= m '00 
" "00 "" '"' 
33.53 Detu,-mi,wtiuu oJ tolal metal rOflwulrr,(ioll I1S;lln ICP-IIES (EPA 5W 845 Method 
5{)lOB) 
ICP-AES analysi' quantitatively determi"", trace elements, including metals, In so lution IIOp"rales 
on ttle principle of atomic emission by atom, ionized in th e argon plasma. Light of specifIC 










quantitatively identifying the species present. This method is applicable to the three CCA metals of 
concern in this project. IC;:P-AES requires digestion (or an equivalent processing) of samples prior to 
analysis. Detection limits, sensitivity, and the optimum and linear concentration ranges of the 
elements can vary with the wavelength, spectrometer, matrix and operating conditions (Wu et al., 
2006). Table 3-5 lists the recommended analytical wavelengths and estimated instrumental 
detection limits for CCA metals in clean aqueous matrices. 
Wu et al. (2006) reported that the detection limits in the ICP-AES method are sample dependent and 
may vary as the sample matrix varies. 
Table 3·5: Recommended Wavelength and Estimated Instrument Detection Limit for CCA metals 
(Wu et aI., 2006) 
Element Recommended Wavelength (nm) Estimated Instrument Detection Limit (~I) 
. Arsenic 193.696 3.5 
Chromium 267.716 4.7 
Copper 324.754 3.6 
The samples in this study were analysed by ICP-AES Varian 730-ES. Concentrations were reported in 
ppm (part per million) and had to be converted to mg of metal/kg of wood. 
The concentration of metal in the wood samples was determined as follows: 
Metal [ J in wood (mg/kg)=ppm reading (mg of metal /L of solution) x volume of dilution 
(25 mL of solution x 1 L/ 1000mL)/Sample mass (g of wood x 1 kg/ 1000g)) 
3.3.5.4 Determination a/total metal concentration in PMI0 
Metal concentration (mg/kg) = 
ppb (JJg of metal/L of solution)xvolume of dilution (mL of solution) 
Sample mass (g of PM10) x 1000 
Relation (1) 











The following step is to determine the level of metal contained in a particular collected PM10 
concentration when a particular wood is burned. This is obtained by firstly find the concentration of 
PM10 by the following formula: 
3.3.5.5 Calculation o/volume o/air sampled 
From the Air metrics procedures, calculations are done as follows: 
Where: 
Clact: Actual Flow Rate, liters/min 
Qnd: Rotameter Indicated Flow Rate, liters/min 
mllOl = slope of the least square line and equals to 1.1409 for the Mlnivol used in this study 
bllOl = intercept of the least square line and equals to -0.4251 for the Minivol used in this study 
Isp = Calculated Rotameter Setpoint, liters/min 
Pstd = Standard Atmospheric Pressure, (760 mm Hg) 
Tstd= Standard Temperature, (298 OK) 
Pact=Actual Ambient Pressure, (mm Hg) 
T act=Actual Ambient Temperature, (OK) 
To calculate the volume of air that passed through the filter during the sampling period at actual 
ambient conditions, Vact (in cubic meters), was done as follows: 
Vact= (60 min/hrxQactxthr)/10001/m3 
Where thr = sampling period, in hours 











3.3.5.6 PM Concentration Calculation 
To calculate the concentration of PM, divide the net mass gain of the filter by the volume of air that 
passed through the filter. 
PM act= MpWVact Relation (2) 
Where PMact = PM concentration, in micrograms (1-lB) per cubic meter (actual) 
MpM = Mass of particulate matter collected on the filter, in micrograms (1-lB) 
3.3.5.7 Metal Concentration Calculation 
After finding the concentration of PM10, the quantity of metal present in that typical PM 10 
concentration was calculated as follows: 
Metal [ ] in IJ8Im3= [Relation (1) x relation (2))/1000000 or, 
Metal [ ] in air (IJ8Im3) = [PMact (mg) x Metal [ ] in wood (mg/kg))/1000000 
The experimental work was structured such the research questions in Section 3.1 were interrogated. 
The schematic diagram (figure 3-1i) outlines how each of the key questions coincides with an aspect 
of the experimental work done. 
Informal caterers: 
urban and peri-urban 
areas 
Wood: samples from 
~ catering environment, Cr+Cu+As: different levels of 
~ d_ bynltrlcacld.ICP CCA found as a basis of 
CCA treated wood: hazard dasses of eCA 
used as a fuel Smoke: collection of / 
samples using a minlvol, 
from catering environment, 
digested by nitric acid, ICP Human being, Environment: 
risks and dangers associated 











3.4 Ethical conformance 
To ensure that proposed research conforms to acceptable ethical standards, the Engineering and 
Built Environment (EBE) faculty stipulates that research that proposes the involvement of human 
participants for data collection undergo an ethics review. The research undertaken herein however 
did not require human participation for data collection and as such approval from the EBE Ethics in 
Research Committee (EiRC) was not necessary. However, the prescribe ethics form was filled 












This chapter presents the analysis results for both the wood and smoke samples taken. Results from 
different wood digestion methods were compared to each other to determine the best digestion 
method to be used for this study. Once the best wood digestion method was established, the 
collected wood samples were analysed for their Cr, Cu and As content and the results are tabulated 
in this chapter. Finally, PM10 and metal concentrations in the smoke samples taken are presented, 
both for an experiment under controlled conditions, and for field sampling. 
4.1 Analysis ofCCA-treated wood 
The aim of this study was to ascertain whether the wood used as fuel by informal caterers posed 
unseen risks through exposure to arsenic. This is because fuel wood of different hazard classes of 
CCA-treatment might be available to such caterers where it might be used in combination with 
harvested wood. Assuming that the average density of the wood is 900 mg/m3, the estimated levels 
of different hazard classes of CCA-treated wood are calculated (Table 4-1) based on their typical 
dosage (Table 2-2), and the impregnation concentrations reported by Romeo the manager of the 
Timber Preservation Services (TPS) in Epping on the 5th of February 2011, to be 140.2, 91.8 and 135.3 
g/kg of Cr, Cu and Arsenic respectively. 
Table 4-1: Estimated compositions of Tanalith-impregnated timber 
Wood Cr Cu As 
I .... 
category (mg/kg) (mg/kg) (mg/kg) 
H2 935 612 902 
H3 1246 816 1203 
H4 1869 1224 1804 
HS 2492 1632 2405 
H6 3739 2448 3608 
The following paragraphs detail the metal analysis results for all samples extracted from collected 
fuel wood specimens. The results are arranged chronologically in order of sample collection. 
Levels of CCA in the samples collected in the first sampling campaign in Nyanga and Khayelitsha 
were all well below reliable detection limits of 5 ppm In the digestate, equivalent to 500 mg/kg of 











values of 11.8 ± 11.6, 11.0 ± 4.6 and 6.2 ± 3.0 mg/kg of Cr, Cu and As, respectively. These levels are 
10-100 times lower than those typical ofthe lowest dosage of CCA-treated wood (H2) (Table 4-1). 
Upon advice from the treatment plants, it was decided to attempt a second sampling campaign, 
armed now with knowledge that treated wood was of a specific functional design and showed a 
green tint once treated. As shown by the metal concentrations shown below, CCA-treated wood was 
found during the second and third round of sampling. This supported the need to use visual 
inspection during sampling. 
A total of 12 timber specimens were collected during the second sampling campaign. As shown in 
Figure 4-1, eight specimens were CCA-positive and were collected from the following areas: one 
sample from Stellenbosch, five from Worcester and two from Mbekweni. The mean Cr, Cu and As 
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Figure 4-1: Cr, Cu and As concentrations in collected samples from the 2nd sampling campaign 
Ofthe 18 samples collected during the 3rd sampling campaign, eight contained Cr, Cu and As at levels 
typical of treated wood (Figure 4-2). Two of these 6 samples were from Nyanga, two from 
Khayelitsha, one sample from Langa, and three samples from Stellenbosch. The mean Cr, Cu and As 
levels of these eight samples were very similar to those of the eight positively identified samples of 
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Figure 4-2: Cr, Cu and As concentrations in collected samples from the 3rd sampling campaign 
Table 4-2 presents a summary of the results for all three sampling campaigns. A statistical 
interpretation should not be undertaken as the initial sampling campaign was randomly performed 
without the knowledge of green tinted timber as a visual indicator of CCA presence, whilst in the 2nd 
and 3rd campaigns only samples that appeared suspect were taken. 
Table 4-2: Summary of wood sampling and number of CCA treated samples In the study 
urban areas: peri-urban areas. 
area Nyanga Khayelitsha Langa Stellenbosch Mbekweni Worcester: ..••. lOti" 
1st campaign (November/10101 55 31 0 
2nd campaign (March/20lll 0 0 0 
3rd campaign Uune/20111 6{2} 3(2} S(J} 413} 0 0 :>:::'18, 
1"U,:~'>,.·.tolll!:!:!·)··.·;P: .. :ii,~UZr, ." '3MZ}!!' .... /. ~:,;. 'Sl4}"·::':i., .::i13lz}. .' :·"Bl5jF. ..;:" ;:'116:f>,;' 






Table 4-3 gives an indication of categories of CCA-treated wood into which the 16 samples found to 
be treated fall, based on the Cr, Cu and As concentrations measured. Six were within the H2 
category (37.5%), three within H3 (18.7%), three within H4 (18.7%) and four displayed levels typical 
of H5 treatment (25%). 3/4 samples in the H5 category (75%) and 1/3 in the H4 category (30%) were 











Table 4-3: Summary of Cr, Cu and As levels, likely treatment categories and redpes of treated wood samples collected in 
the study areas 
, area Cr(ml/kl) Cu(ml/kl) I As(mllkl) CCA category Cr: Cu: As ratio recipes 
stellenbosch 6438 1711 3531 HS 3.7: 1: 2 unkown 
".N 
stellenbosch 3517 1179 2450 HS 3.0: 1: 2 unkown 
pe,!~u~~, stellenbosch 1416 559.9 1103 H3 2.5: 1: 2 unkown 
stellenbosch 949.7 518.7 783.8 H2 1.8: 1: 1.5 CCA-C 
worcester 511.0 512.4 501.1 H2 1.0:1.0:1 unkown 
........ 
worcester 1666 984.3 1593 H4 1.7: 1: 1.6 CCA-C 
worcester 662.9 387.6 666.9 H2 1.6: 1: 1.7 CCA-C 
worcester 786.6 447.5 686.5 H2 1.8: 1: 1.5 CCA-C 
worcester 1127 645.2 1087 H3 1.7: 1: 1.7 CCA-C ..................... 
worcester 535.4 317.8 481.2 H2 1.7: 1: 1.5 CCA-C .......... 
Mbekwenl 3844 1788 2871 HS 2.1: 1: 1.6 CCA-C 
urban Lanla(zone 14) 2211 951.8 1868 H4 2.3: 1: 1.9 unkown 
Khayelitsha 1390 703.2 1270 H3 1.9: 1: 1.8 CCA-C 
Khayelltsha 2963 1479 2679 HS 2.0: 1: 1.8 CCA-C 
Nyanla 2543 1007 2028 H4 2.5: 1: 2.0 unkown ................. 
Nyanga 1288 570.3 977.9 H2 2.2: 1: 1.7 unkown 
Based on the Cr:Cu:As ratios determined, it appears that the majority of the sixteen samples 
identified as treated had been subjected to a Tanalith or CCA-C treatment. 
4.1.1 PM10 and metal concentrations for smoke sampling 
Of the 19 smoke samples collected, only 18 were analysed while one was damaged during 
tra nsportation. 
Samples were taken according to predetermined conditions in terms of time the sampler was run, 
the distance the MiniVol was from the fire and during certain climatic conditions (temperature and 
pressure) (appendix 1). 
PM10 results around the taxi rank were found to be considerably lower comparing to the PM10 close 
to wood fires (Figure 4-3). (The average of the PM10 over the sampled areas was 1685 ~m3) The 
lowest concentration was found around Nyanga taxi rank and it was 33 ~m3, while the highest is 
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4.2 Concluding nole on pl'csented results 
In summary, this chapter has presented evide nce that ((A-treated timber wuld be found in fuel 
supplies of both urban and peri-urban informal caterers. and of ho"seoold, in th e I~tter (",e. 
Additionally. seve ra' smoke l ampl es t~ke n near such fire, ,howed elevated Cr, Cu a nd As leve ls, with 
t~ As;Cu r~tio incre.sing'r significantly in a number of t~5e 5~mple< . An interpretation of the 
result> presented in thi ' chapter w ill follow in chapter 5, consid ering al,o ev idence from jOint wood 












This chapter starts by reviewing the sampling campaigns followed, the various wood digestion 
methods tested, and the verification of the instrumental analysis methods used for this study. Once 
trust in the methods and procedures is established, the chapter proceeds to discuss the significance 
of findings converning Cr, Cu and As concentrations documented first the wood and next in the 
smoke samples. 
5.2 Method validation and verification 
Two different sampling approaches were used in this study: in the first campaign a large number of 
fuel wood samples were randomly collected, whilst in the 2nd and 3rd campaigns fuel wood 
specimens with a green tinge were collected. During the first campaign, sampling was done without 
knowing that treated wood had characteristic appearances and that it could be identified by a 
treatment plant catalogue. None of the 86 samples tested in the first campaign showed Cr, Cu or As 
levels typical of treated wood. later visual inspection of fuel supplies of caterers in urban areas 
confirmed that 'green tinged' pieces of wood are seen infrequently-possibly occurring in the range 
of 1/100 to 1/1000 in fuel stockpiles. 
Sampling theory warns that significant variance can be introduced during sample processing. The 
focus of this investigation was not a precise determination of metal concentrations in fuel wood, but 
rather the detection of prior CCA-treatment followed by a broad categorization (in terms of 
treatment levels H2-H6). As such, the sample preparation did not have to pay detailed attention to 
the resulting variance. The generation of shavings with a drill would have introduced some variance 
by drilling to different depths: it is likely that CCA concentrations are higher closer to the surface. 
Furthermore, milling to a fine powder should however have homogenized the samples and thus 
resulting in the 0.25 g sample ultimately digested to be sufficiently representative of Its respective 
timber sample. 
The analysis method used in this study (US EPA Method 3051) was performed according to the 
instructions and no solid residues remained. There was some experimentation with the calibration 











were not yet known. G~ n~ rally though, for dig~5tat~ m~tal ca[l(~ ntr.tian5 > 5 ppm the error in 
repeat analy5~5 was acc~ptabl ~ atl~" than 5%. For dig~'tion' of 0.25 g ofsampl~ dilut!'d into 25 ml, 
thi< translate, to a cu t-off canc~ ntration of m~tal in woad of 500 mgjkg - w~11 b~ law th ~ H2 rang~ 
(as reported in Tabl ~ 4-1) but w~11 abav~ natural background l~v~ l, vatjling from I~ss than 1 to 120 
mgjkg (Eis ler, 19981. 
Th ~ standard, us~ d in th ~ ICP-AES '.mpl ~ analy,is w~ r~ apprav~d by SABS. 
5.3 !'uel wood in the urban context 
In townships within th ~ urban ar~a, road'ide cate ring activiti es in Nyanga, Khayelitsha and langa 
were 'ampled. In all th~ ,~ area$, it was observed that barbequing {"braaing"J acti~ities make use of 
harvested wood, even though in most ca,e, the fire i, started with dtjl wood that is either painted or 
from old pallets. Very little harvested wood i, used for ather cooking ,uch boiling_ Th e pallet woad 
from adjacent light indu,trial area" as well as demoiitioo timber, are dominant in th ese areas a, 
there are no forest plantations within the boundatjl of the city {Nhsing and Van Blottnltr, 20071· Th e 
kind of wa,te wood used i, ,hawn in figure 5·1. 
Even though during the first campaign, samples from Nyanga and Khayelit'ha did not shaw CCA-
treated woad, during Ih~ third campaign CClI-treated wood ,pedmem w~ re collected th ere. Thi' 
,hawed that CCA- treated wood is a~ailable and used tag~th~ r with ather fuel woad by the informal 
caterers, Of thrl'l' suspect sample, collected from Khaye litsha, two were CCII-po,itive, two out of ,ix 
sample, coll!'Ct~ d from Nyanga w~ re positi~e while one offive samples from langa was CCA-po,iti~e 










The study found wood pallets to be the predominant source of wood fuel amongst informal caterers 
in Nyanga, Khayelitsha and Langa. These wood pallets are actually discarded by industries after re-
use and intended for disposal mainly due to breakage as the wood is of inferior quality. They are not 
manufactured to last for long and break quickly. Significant quantities of discarded pallet wood can 
easily be sourced by entrepreneurs or those in need of wood fuel. The pallets are not CCA-treated, 
which might be the reason why in those areas, CCA-treated wood is not so frequent. The samples 
collected during the first sampling campaign were small light weight samples, easily parted with by 
the caterer or end-user (Figure 4-2). Of 100 tested samples collected from these urban areas, 14 
were purposefully picked pieces with a particular appearance and only 5 samples tested positive for 
CCA. 
Generally, the caterers use the cheaper waste wood to start the fire. Only those who barbeque 
meat use harvested wood, as waste wood reportedly produces unpleasant flavours on the meat. 
The reason is that the waste wood burns more easily than the harvested wood. It is important to 
note that even when harvested wood is burned, more than 75 different chemicals are produced 
(Schiefer et 01., 1997). Waste treated wood would however produce more dangerous chemicals 
when compared to harvested wood. Also the informal caterers in the urban area live far from the 
forests and the harvested wood is not available to them easily. 
Eisler (1998) reported that trees from non-contaminated areas had usually less than 1 mg/kg (dry 
weight) of arsenic. However Pine (Pinus si/vestrls) could have 22 mg/kg (fresh weight) when the soil 
is contaminated to 120 mg/kg. It is probable that the indicative concentrations of 11.8 ± 11.6, 
11.0 ± 4.6 and 6.2 ± 3.0 mg/kg of Cr, Cu and As obtained from Nyanga and Khayelitsha in the first 
sampling campaign reflect the natural background levels. The study done by Solo-Gabrielle et al. 
(2002) reported that wood with such concentrations does not result in a hazardous material as 
defined by the regulatory criteria in USA. However, treated wood should not be mixed with 











5.4 Fuel wood in the peri-urban context 
Eleven out of sixteen tested samples collected from peri-urban areas were CCA containing. In 
Worcester, Mbekweni and Kayamandi, CCA-treated wood used for fuel is sourced from construction 
of low-cost houses (Figure 5-2), and from fencing initially used for homes and farms. These wooden 
fences are replaced by concrete walls or metal fences. It is reported that 'the CCA level in wood falls 
off due to leaching by rain water and the aging of the wood' (Moghaddam &Mulligan, 2008). Despite 
this, high levels of chromium, arsenic and copper were detected. CCA-treated wood was 
substantially more frequently encountered than in the urban areas and therefore health risks to 
those using the wood as fuel should be assessed; CCA-treated wood should normally not be handled 
without safety equipment (Martin, 1998). 
The CCA levels found in many of the peri-urban area wood samples (summarized in Table 4-3) are 
not far from the results obtained by Stillwell et al. (2003), as summarised in section 2.3.4. 
By comparing the green coloration of the waste pile from construction wood found in Worcester 
(Figure 5-2a), the planks found together with harvested wood ready to be used by caterers (Figure 5-
2b), and waste wood found in a Stellenbosch caterer's fire (Figure 5-2c), one can easily relate them 
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land characterising the peri-urban context. In addition, poles from agricultural and fencing use 
appear to be regarded as useful fuel wood when they are discarded after use. 
5.5 Arsenic in the smoke from wood combustion 
This section interprets and analyses the smoke samples from wood combustion. It starts with the 
levels of PM10 in the smoke in the working environment. The significance of the determined As 
concentrations is discussed next, including considerations of volatilisation of arsenic. Finally, the 
possible presence of arsenic levels in the bottom ash is considered, based on the literature as such 
ash was not analysed. 
5.5.1 Levels of PM10 in the smoke 
One of the air pollutants that is classified as both a primary and secondary pollutant is particulate 
matter (WHO, 2005). Particulate matter consists of liquid or solid particles which are suspended in 
the air. As stated above in section 2.5, these particles are categorized by size, thus particulates with 
an aerodynamic diameter of less than 10 microns are known as PM 10• 
In general, the use of treated wood generates a black smoke with a characteristic strong smell. This 
was initially noted during preliminary experiments when burning treated wood. Because of this 
smell, its use is mainly confined to applications involving boiling in closed vessels such as sheep-head 
preparation, chicken and maize boiling and brewing as seen in Figure 5-2(c). Natural wood does not 
produce this distinctive smoke and is generally preferred for grilling and barbequing as it does not 
adversely affect the taste of the food being prepared. However during the rainy season, the use of 
treated wood increases as natural wood is wet and is difficult to ignite. As reported in the literature, 
wood burning is one source of the PM 10 in the ambient air (City of Cape Town, 2007). 
The Department of Environmental Affairs and Tourism has established the National standards in 
South Africa for the permissible concentration of PM 10 in the ambient air (25°C and 101.3 Kpa) to be 
120 ~m3 as the daily 24 hour average (City of Cape Town, 2007). The City of Cape Town has 
adopted the UK 24 hour daily average of 50 ~/m3 when determining PM 10 guideline exceedences in 
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Appendix 1: Smoke sampling and analysis 
Filter Area I Activity Distance from the fire TIme start TIme end diff.in time WF bef(mg) 
no. source 
1 Nyanga (taxi rank) 13:28 17:28 4 146.65 
2 Nyanga (taxi rank) 09:15 13:15 4 147.56 
3 Nyanga (braai fire) ±2Sm 13:35 16:35 3 146.55 
4 Nyanga (braai area(100m)) ±Sm 12:20 16:20 4 147.61 
5 Nyanga (braai fires and chicken boilers) ±lOm 10:40 14:40 4 147.13 
6 Nyanga (sheeps boilers(2 m)) ±2m 14:12 15:12 1 147.35 
7 Nyanga (maize boiler(3m)) ±3m 12:38 13:38 1 146.65 
8 Nyanga (taxi rank) 11:20 12:20 1 147.15 
9 Langa (beer vendor) ±2m 11:25 12:25 1 146.33 
10 Langa (beer vendor) ±lm 10:20 11:20 1 147.31 
11 Langa (braai fire) ±2m 10:48 11:48 1 147.65 
12 Langa (braai fire) ±2m 09:33 10:33 1 147.6 
13 Stellenbosch (chicken boiler) ±2m 13:06 14:06 1 147.83 
14 Stellenbosch (sheeps boiler) ±2m 11:42 12:42 1 147.03 
15 Stellenbos~h (sheeps boiler) ±2m 13:19 13:59 0.66 147.26 
16 Khayelitsha (braai area) ±2m 11:30 12:30 1 147.56 
17 Khayelitsha (sheeps boiler) ±2m 12:35 13:35 1 146.24 











Filter W Faf(mg) Mass of Pstd(mmHg) Pact(mmHg) Tstd(K) Tact(K) mvol bvol Qind(lpm) Qact(lpm) Vact(m3) 
no. PM10(mg) 
1 146.71 0.06 760 770.64 298 288 1.1409 -0.4251 5 5.2 1.2 
2 147.66 0.1 760 777.48 298 288 1.1409 -0.4251 5 5.1 1.2 
3 146.71 0.16 760 779 298 290 1.1409 -0.4251 5 5.1 0.9 
4 147.81 0.2 760 781.28 298 290 1.1409 -0.4251 5 5.1 1.2 
5 147.48 0.35 760 775.96 298 292 1.1409 -0.4251 5 5.2 1.2 
6 148.26 0.91 760 773.68 298 294 1.1409 -0.4251 5 5.2 0.3 
7 147 0.35 760 771.4 298 288 1.1409 -0.4251 5 5.2 0.3 
8 147.16 0.01 760 777.48 298 286 1.1409 -0.4251 5 5.1 0.3 
9 147.11 0.78 760 772.16 298 287 1.1409 -0.4251 5 5.1 0.3 
10 147.82 0.51 760 772.16 298 286 1.1409 -0.4251 5 5.1 0.3 
11 148.04 0.39 760 782.8 298 285 1.1409 -0.4251 5 5.1 0.3 
12 147.77 0.17 760 772.92 298 282 1.1409 -0.4251 5 5.1 0.3 
13 148.93 1.1 760 770.64 298 300 1.1409 -0.4251 5 5.3 0.3 
14 147.09 0.06 760 770.64 298 291 1.1409 -0.4251 5 5.2 0.3 
15 147.44 0.18 760 769.88 298 289 1.1409 -0.4251 5 5.2 0.2 
16 148.09 0.53 760 771.4 298 288 1.1409 -0.4251 5 5.2 0.3 
17 148.77 2.53 760 770.64 298 291 1.1409 -0.4251 5 5.2 0.3 











Appendix 2: Wood sampling 
First sampling Campaign 
10mlofHN03 
1 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.05 0.28 0.12 
2 0.2527 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.02 0.66 0.09 
3 0.2528 +5ml of water 25 undetected undetected undetected None 
10ml of HN03 0.01 0.18 0.09 
4 0.2508 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.02 0.43 0.13 
5 0.2514 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.02 0.06 0.07 
6 0.2511 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.01 0.32 0.09 
7 0.2540 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.01 0.21 0.08 
8 0.2506 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.00 0.12 0.05 
9 0.2514 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.01 0.09 0.05 
10 0.2525 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.01 0.18 0.05 











10mlofHN03 0.00 0.30 0.06 
12 0.2528 +5ml of water 25 undetected undetected undetected None 
10mlof HN03 0.12 0.66 0.09 
13 0.2548 +5ml of water 25 undetected undetected undetected None 
10m I of HN03 0.10 0.32 0.09 
14 0.2554 +5ml of water 25 undetected undetected undetected None 
10ml of HN03 0.09 0.20 0.05 
15 0.2544 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.30 0.04 
16 0.2531 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.19 0.05 
17 0.2578 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.07 0.17 0.10 
18 0.2555 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.07 0.04 
19 0.2524 +5ml of water 25 undetected undetected undetected None 
lOmlofHN03 0.09 0.17 0.05 
20 0.2543 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.07 0.06 0.03 
21 0.2534 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.11 0.09 
22 0.2540 +5ml of water 25 undetected undetected undetected None 
10ml of HN03 0.08 0.37 0.04 
23 0.2536 +5ml of water 25 undetected undetected undetected None 
10ml of HN03 0.08 0.16 0.05 
24 0.2534 +5ml of water 25 undetected undetected undetected None 
10ml of HN03 0.08 0.11 0.08 
25 0.2566 +5ml of water 25 undetected undetected undetected None 
10ml of HN03 0.07 0.01 0.05 
26 0.2531 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.07 0.06 0.04 











10mlofHN03 0.08 0.07 0.15 
28 0.2530 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.07 0.19 0.21 
29 0.2532 +5mlofwater 25 undetected undetected undetected None 
10mlofHN03 0.08 0.02 0.07 
30 0.2533 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.07 0.03 0.02 
31 0.2513 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.06 0.03 
32 0.2547 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.06 0.03 
33 0.2528 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.07 0.05 0.06 
34 0.2527 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.04 0.03 
35 0.2555 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.35 0.06 
36 0.2555 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.18 0.06 
37 0.2558 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.06 0.09 0.02 
38 0.2525 +5ml of water 25 undetected undetected undetected None 
10ml of HN03 0.08 0.02 0.02 
39 0.2552 +5mlofwater 25 undetected undetected undetected None 
10mlofHN03 0.07 0.03 0.03 
40 0.2517 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.08 0.11 0.03 
41 0.2527 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.06 0.03 0.02 
42 0.2536 +5ml of water 25 undetected undetected undetected None 
10mlofHN03 0.06 0.07 0.05 






















56 Kh litsha 
57 Kh litsha 
58 Kh ha 
10ml of HN03 











0.2535 10m I of 
0.2560 10mlof 
0.2538 10m I of 
0.2552 10mlof 
+5ml of water 25 
+5ml of water 25 
+5ml of water 25 
+5ml of water 25 
+5ml of water 25 
+5ml of water 25 
+5mlofwater 25 
+5ml of water 25 
+5ml of water 25 
+5ml of water 25 
+5ml of water 25 
+5ml of water 25 
+5ml of water 25 
+5ml of water 25 
undetected undetected undetected 
0.07 0.07 0.02 
undetected undetected undetected None 
0.07 0.03 0.03 
undetected undetected undetected None 
0.09 0.02 0.03 
undetected undetected undetected None 
0.07 0.05 0.12 
undetected undetected undetected None 
0.09 0.12 0.05 
undetected undetected undetected None 
0.07 0.06 0.15 
undetected undetected undetected None 
0.08 0.03 0.03 
undetected undetected undetected None 
0.09 0.04 0.04 
undetected undetected undetected None 
0.08 0.02 0.03 
undetected undetected undetected None 
0.09 0.04 0.05 
undetected undetected undetected None 
0.08 0.04 0.00 
undetected undetected undetected None 
0.07 0.08 0.01 
undetected undetected undetected None 
0.04 0.09 0.03 
undetected undetected undetected None 
0.05 0.10 0.01 











0.06 0.10 0.01 
59 0.2552 10mlof +5ml of water 25 undetected undetected undetected None 
0.07 0.07 0.01 
60 0.2556 10mlof +5ml of water 25 undetected undetected undetected None 
0.06 0.11 0.02 
61 0.2552 10ml of HN03+5ml of water 25 undetected undetected undetected None 
0.06 0.09 0.01 
62 0.2552 10mlof +5ml of water 25 undetected undetected undetected None 
0.09 0.12 0.04 
63 0.2548 10mlof +5ml of water 25 undetected undetected undetected None 
0.07 0.11 0.03 
64 0.2542 10mlof +5ml of water 25 undetected undetected undetected None 
0.04 0.10 0.02 
65 0.2540 10mlof +5ml of water 25 undetected undetected undetected None 
0.06 0.17 0.01 
66 0.2542 10mlof +5ml of water 25 undetected undetected undetected None 
0.04 0.08 0.14 
67 0.2530 10mlof +5ml of water 25 undetected undetected undetected None 
0.05 0.14 0.03 
68 0.2549 10mlof +5ml of water 25 undetected undetected undetected None 
0.06 0.08 0.01 
69 0.2547 10mlof +5ml of water 25 undetected undetected undetected None 
0.07 0.14 0.27 
70 0.2520 10mlof +5ml of water 25 undetected undetected undetected None 
0.06 0.09 0.04 
71 0.2537 10mlof +5ml of water 25 undetected undetected undetected None 
0.09 0.10 0.06 
72 0.2530 10mlof +5ml of water 25 undetected undetected undetected None 
0.06 0.07 0.03 
73 0.2550 10m I of +5ml of water 25 undetected undetected undetected None 
0.08 0.12 0.04 
74 0.2537 10mlofH +5ml of water 25 undetected undetected undetected None 
0.05 0.10 0.02 











0.05 0.07 0.01 
76 0.2560 10mlofH +5ml of water 25 undetected undetected undetected None 
0.06 0.02 -0.01 
77 0.2583 10mlofH +5ml of water 25 undetected undetected undetected None 
0.05 0.08 0.00 
78 0.2585 10ml of HN03 +5ml of water 25 undetected undetected undetected None 
0.06 0.08 0.01 
79 0.2543 10mlofH +5ml of water 25 undetected undetected undetected None 
0.05 0.02 -0.01 
80 0.2562 10mlofH +5ml of water 25 undetected undetected undetected None 
0.04 0.08 0.00 
81 0.2532 10mlofH +5ml of water 25 undetected undetected undetected None 
0.06 0.09 0.01 
82 0.2581 10mlofH +5ml of water 25 undetected undetected undetected None 
0.05 0.01 -0.01 
83 0.2516 10mlofH +5ml of water 25 undetected undetected undetected None 
0.04 0.00 -0.01 
84 0.2570 10mlofH +5ml of water 25 undetected undetected undetected None 
0.05 0.07 -0.01 
85 0.2537 10mlofH +5ml of water 25 undetected undetected undetected None 
0.05 0.10 0.00 











Second sampling campaign 
Sample Sample Sample Final volume Cr Cu 
number source mass Sample M.D preparation (ml) (ppm) (ppm) 
1 SteJlenbosch 0.2584 10ml of HN03 +5ml of water 25 66.54 17.69 
2 Worcester 0.2566 10ml of HN03 +5ml of water 25 5.25 5.26 
3 Worcester 0.2516 10ml of HN03 +5ml of water 25 16.77 9.91 
4 Worcester 0.2503 10ml of HN03 +5ml of water 25 0.44 -0.03 
5 Worcester 0.2510 10ml of HN03 +5ml of water 25 6.66 3.89 
6 Worcester 0.2521 10ml of HN03 +5ml of water 25 7.93 4.51 
7 Worcester 0.2570 10ml of HN03 +5ml of water 25 11.59 6.63 
8 Worcester 0.2538 10ml of HN03 +5ml of water 25 5.44 3.23 
9 Worcester 0.2541 10ml of HN03 +5ml of water 25 0.21 -0.06 
10 Mbekweni 0.2547 10ml of HN03 +5ml of water 25 0.06 -0.13 
11 Mbekweni 0.2523 10ml of HN03 +5ml of water 25 38.80 18.05 
12 Mbekweni 0.2519 10ml of HN03 +5ml of water 25 0.51 0.14 
Sample As Cr Cu As CCA category CCA category CCA category Hazard 
number (ppm) (mg/kg) (mg/kg) (mg/kg) (Cr) (Cu) (As) class 
1 36.50 6437.7 1711.5 3531.3 6437.69 1711.49 3531.35 HS 
2 5.14 511.0 512.4 501.1 511.01 512.35 501.05 H2 
3 16.03 1666.3 984.3 1592.6 1666.34 984.28 1592.61 H4 
4 0.10 43.5 -3.3 10.2 undetected undetected undetected -
5 6.70 662.9 387.6 666.9 662.87 387.58 666.92 H2 











7 11.18 1127.1 645.2 1087.1 1127.14 645.20 1087.06 H3 
8 4.89 535.4 317.8 481.2 535.38 317.80 481.21 H2 
9 0.07 21.0 -6.3 6.4 undetected undetected undetected -
10 -0.02 5.6 -12.5 -1.5 undetected undetected undetected -
11 28.98 3844.2 1788.4 2871.4 3844.23 1788.45 2871.38 HS 
12 0.34 50.2 14.2 33.5 undetected undetected undetected -
Third sampling campaign 
3 0.2582 25 22.84 
4 0.2512 25 0.04 
5 0.2541 25 0.02 
6 0.2503 +5ml of water 25 2.76 
7 0.2517 10ml ofHN03 +5ml of water 25 13.99 
8 0.2555 10mlofH 25 30.28 
9 O. 10mlofH 25 -0.06 
10 0.2591. 10mlofH 25 0.12 
11 0.2537 10mlofH of water 25 25.81 
12 0.2582 10mJ ofH 25 13.3 
13 0.2555 10mlofH 25 -0.03 











15 Stelienbosch1(6C) 0.2586 10ml of HN03 +5ml of water 25 0.02 
16 Stellenbosch( chicken boiler) 0.2548 10ml of HN03 +5ml of water 25 35.85 
17 Stellenbosch( chicken boiler) 0.2545 10ml of HN03 +5ml of water 25 14.41 
18 Stellenbosch( chicken boiler) 0.2593 10ml of HN03 +5ml of water 25 9.85 
1 -0.05 -0.03 -3.9 -4.9 -2.9 undetected undetected undetected 
2 -0.08 -0.07 -7.7 -7.7 -6.8 undetected undetected undetected 
3 9.83 19.29 2211.5 951.8 1867.7 2211.46 951.78 1867.74 H4 
4 0.02 0.09 4.0 2.0 9.0 undetectid undetected undetected 
5 0 0.09 2.0 0.0 8.9 undetected undetected undetected 
6 0.06 0.19 275.7 6.0 19.0 275.67 undetected undetected 
7 7.08 12.79 1389.6 703.2 1270.4 1389.55 703.22 H3 
8 15.12 27.38 2962.8 1479.5 2679.1 2962.82 1479.45 2679.06 HS 
9 -0.03 -0.04 -5.9 -2.9 -3.9 undetected undetected undetected 
10 0.1 0.09 11.6 9.6 8.7 undetected undetected undetected 
11 10.22 20.58 2543.4 1007.1 2028.0 2543.36 1007.09 2027.99 H4 
12 5.89 10.1 1287.8 570.3 977.9 1287.76 570.29 977.92 H2 
13 0.03 -0.01 -2.9 2.9 -1.0 undetected undetected undetected 
14 0.29 0.21 56.5 28.8 20.8 undetected undetected undetected 
15 0.02 0.06 1.9 1.9 5.8 undetected undetected undetected 
16 12.02 24.97 3517.5 1179.4 2450.0 3517.46 1179.36 2449.96 HS 
17 5.7 11.23 1415.5 559.9 1103.1 1415.52 559.92 1103.14 H3 
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